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ANNUAL  RP:P0I{T  OF  TIFK   BUREAU  OF  PUBLIf:   FtOADS 
Factors   Affevtitifi  Profiress 

MAKKEDl'ROdRESS  in  I  lie  ini|)r(.\ciiicnl  of  lii^liw  .-lys  of  :ill  kinds  \v;is  im:i(1c 
ill  tlio  fiscMl  ycjir  inno,'  liolli  in  the  I-'cdci-nl-Mid  iiro^iriini  iind  lli.it  (•(inducted 
iii(i»'p('nd(Mi|].\-  by  llii'  SImIcs  and  l(ic;il  .•lucncics.  I'scof  the  liij;h\v;i,\  s,  ((int^csi  ion, 
and  public  dciniind  Wn-  licttt'f  facilities  reached  all-tiiue  peaks.  Ilij;li\vay  or- 
ganiztitioiis  responded  l)y  niakin.i;'  iiiiprovenieuls  at  a  rate  limited  only  by  funds 
available  and  the  time  re(iuired  in  taking  tiie  numerous  steps  necessary  Ix'l'ore 
construction  can  bej,'in  on  expressways  iind  other  larjie  pi-ojects. 

A  large  mileage  of  modern  and  fully  adequate  liijihways  was  placed  in  service 
with  great  benelit  to  the  economy  of  the  Nation.  Improvements  were  made  at 
locations  where  the  worst  conditions  had  existed,  but  many  miles  of  adjacent 
highways  remained  in  bad  condition.  Accomplishment  with  available  means  was 
excellent,  but  it  cannot  be  said  that  satisfactory  progress  was  made  in  overcoming 
highway  deficiencies  which  will  cost,  according  to  various  estimates,  from 
$42  to  .$47  billion. 

Public  demand  for  a  more  rapid  rate  of  improvement  resulted  in  increases 
in  gasoline  taxes  in  eight  States  and  in  authorization  of  increases  in  two  States 
that  became  effective  after  the  end  of  the  year. 

In  the  calendar  year  1949  motor  vehicles  increased  by  3^;  million  to  a  total 
of  44,070,000,  or  more  than  twice  as  many  as  in  1926.  In  each  month  of  the 
fiscal  year  highway  travel  exceeded  all  previous  records  and  totaled  424  billion 
vehicle-miles  for  the  year.  The  added  increments  of  vehicles  and  travel  on  al- 
ready overcrowded  highways  produced  intolerable  conditions  on  urban  arteries 
and  approaches,  and  added  to  the  hazards  of  travel  on  all  substandard  highways. 
They  also  produced  additional  motor-vehicle  revenues  with  which  to  offset  the 
marked  increases  in  highway  costs  during  the  postwar  period. 

In  general,  supplies  of  materials  and  labor  were  adequate,  and  in  some  small 
areas  there  was  emphasis  on  highway  work  to  provide  needed  employment.  Com- 
petition among  contractors  for  highway  construction  jobs  was  more  pronounced. 
Sixty-nine  hundred  firms  bid  on  one  or  more  Federal-aid  jobs.  Of  the  1.92(5 
successful  bidders  on  4,600  jobs  (some  had  several  jobs),  400  were  considered 
newcomers  to  Federal-aid  work  since  they  had  not  been  awarded  a  contract 
in  the  preceding  5  years. 

The  decline  in  highway  con.struction  costs,  which  started  in  the  middle  of 
the  preceding  fiscal  year,  continued  throughout  the  entire  year.  The  cost  index 
on  a  1940  base,  with  correction  for  increased  design  requirements,  dropped 
from  its  peak  of  223.5  in  the  second  quarter  of  fiscal  year  1949  to  201.1,  196.4, 
190.2,  and  189.3  in  the  successive  quarters  of  the  fiscal  year  1950.  Increased 
competition  among  contractors,  improved  efficiency  in  contractors'  operations, 
and  increased  productivity  of  labor  and  equipment  accounted  for  the  decline. 
The  slight  drop  in  the  last  quarter  indicated  a  tendency  for  bid  prices  to 
level  off. 


The  fiscal  year  exteiuleil  from  July  1.  1940.  to  June  30,  1950. 


Conditions  generally  were  conducive  to  a  more  satisfactory  rate  of  progress 
than  had  been  possible  in  preceding  fiscal  years.  State  highway  departments 
awarded  contracts  for  54,000  miles  of  highways,  and  for  several  thousand 
bridges  and  grade-crossing  elimination  structures,  at  a  cost  of  $1.4  billion  (fig.  1). 
Federal-aid  highway  improvement  constituted  a  large  segment  of  the  general 
program,  as  described  in  the  following  pages. 

The  Federal-aid  Program 

Highway  improvement  in  cooperation  with  the  States  was  supported  by  an 
authorization  of  $450  million  for  the  fiscal  year  and  by  remaining  portions  of 
previous  authorizations. 

A  new  record  high  was  reached  during  the  fiscal  year  in  the  volume  of  all 
classes  of  Federal-aid  highway  projects  brought  to  completion.  Improvements 
completed  had  a  total  length  of  21,030  miles.  This  is  almost  identical  with  the 
mileage  completed  during  the  prior  year  and  was  exceeded  slightly  by  mileages 
completed  during  the  fiscal  years  1934  and  1937,  but  the  greater  emphasis  on 
relief  of  traffic  congestion  in  urban  areas,  coupled  with  increasing  attention 
to  development  of  the  interstate  system,  has  resulted  in  the  construction  of  a 
higher  percentage  of  multiple-lane  highways  and  bridges  than  in  previous  years. 
Thus,  the  total  traffic  service  provided  by  the  more  recently  completed  improve- 
ments is  unquestionably  of  a  higher  order  than  ever  before  achieved. 

Improvements  completed  were  as  follows :  On  the  Federal-aid  highway  system 
outside  of  cities  (principal  intercity  highways),  5,914  miles  of  higliways  and 
1,163  bridges ;  on  urban  portions  of  the  Federal-aid  highway  system,  779  miles 
of  highways  and  353  bridges ;  and  on  secondary  or  farm-to-market  roads,  13,515 
miles  of  highways  and  1,631  bridges.  Accomplishments  in  the  elimination  of 
hazards  at  railroad-highway  grade  crossings  included  the  elimination  of  154 
crossings,  reconstruction  of  48  inadequate  grade-separation  structures,  and  the 
protection  of  414  crossings  by  fiashing-liglit  signals  or  other  appropriate  safety 
devices. 

The  Federal-aid  program  continued  to  gain  momentum,  extending  a  trend  that 
began  at  the  end  of  the  war.  Contract  awards  during  the  year  for  21,799  miles 
of  construction  included  numerous  major  vmdertakings  that  had  been  under 
consideration  for  2  or  3  years.  Work  put  in  place  amounted  to  97  percent  of  the 
$450  million  authorization  for  the  year.  As  the  year  ended  construction  was 
in  progress  or  was  scheduled  to  begin  soon  on  22,876  miles  of  highways  and 
streets. 

New  projects  involving  construction  of  26,659  miles  were  programed  during 
the  year.  All  but  a  few  States  were  programing  projects  to  be  improved  with 
funds  provided  by  the  $4-50  million  authorization  for  the  fiscal  year  1951. 

At  the  end  of  the  year  Congress  was  considering  legislation  authorizing  funds 
for  continuation  of  the  Federal-aid  highwaj''  program  beyond  the  fiscal  year 
ending  June  30,  1951. 

Detailed  statistical  information  showing  accomplishments  during  the  year 
and  the  status  of  the  program  at  the  year's  end  is  contained  in  tables  in  the 
appendix. 

Classes   of  Federal-aid   Work 

The  Federal  Government  provides  funds  to  assist  the  States  in  improvement 
of  three  general  classes  of  highways. 

The  Fcdcral-aid  prlmarij  system. — Improvement  of  the  main  highways  in- 
cluded in  the  primary  system   has  proceeded  without  interruption  since  the 
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di'signation  of  the  system  in  1921.  Under  postwar  legislation,  45  percent  of 
authorized  Federal-aid  funds  have  been  assigned  for  improvements  to  the  pri- 
mary system.  Primary  funds  of  $202.5  million  were  authorized  for  each  of  the 
tiscal  years  1950  and  1951.  Nearly  one-fourth  of  the  postwar  funds  allotted  to 
approved  primary  projects  are  for  improvements  to  the  National  System  of 
Interstate  Highways.'  This  system,  which  is  limited  by  law  to  40,000  miles,  is 
composed  of  the  most  important  primary  Federal-aid  highways. 

The  Federal-aid  secondary  system. — By  providing  for  the  allotment  of  30 
percent  of  authorized  Federal-aid  funds  to  the  improvement  of  secondary  and 
feeder  roads,  substantial  recognition  is  given  to  the  Federal  interest  in  this 
class  of  improvement.  Secondary  funds  of  $135  million  were  authorized  for 
each  of  the  fiscal  years  1950  and  1951. 

The  Federal-aid  urban  system. — To  aid  the  cities  in  providing  the  modern 
highway  facilities  essential  to  the  elimination  of  traffic  congestion,  25  percent 
of  postwar  Federal-aid  authorizations  have  been  designated  for  improvements 
to  main  routes  in  urban  areas.  Urban  funds  amounting  to  $112.5  million  were 
authorized  for  each  of  the  fiscal  years  1950  and  1951.  Primary  system  funds 
are  also  available  for  improvements  in  urban  areas.  Almost  one-half  of  the 
postwar  funds  allotted  to  approved  urban  projects  are  for  urban  improvements 
on  routes  of  the  National  System  of  Interstate  Highways. 

Status   of    Work   at  End   of  Fiscal   Year 

Postwar  Federal-aid  funds  of  $2,322,500,000  had  been  apportioned  to  the 
States  by  the  close  of  the  fiscal  year,  for  the  fiscal  years  1946,  1947,  1948,  1950, 
and  1951.  In  terms  of  Federal  funds  the  status  of  projects  financed  from  these 
funds  was  as  follows :  Total  programs  approved,  $2,077,060,103 ;  total  plans  ap- 
proved and  construction  authorized,  $1,675,695,819 ;  projects  placed  under  con- 
tract, $1,574,242,129;  projects  placed  under  construction,  $1,521,125,408;  work 
done,  $1,293,893,000;  and  projects  completed,  $1,049,270,499.  Apportioned  post- 
war funds  not  yet  programed  to  projects  amounted  to  $245,439,897. 

Figures  2  and  3  show  graphically  the  progress  made  in  utilizing  the  postwar 
primary,  secondary,  and  urban  funds  separately,  and  the  three  funds  combined. 

All  postwar  projects  programed  to  June  30,  1950,  had  a  total  cost  in  Federal 
and  State  matching  funds  of  $4,130,249,283.  Of  this,  projects  costing  a  total 
of  $3,129,609,030  had  been  placed  under  contract,  and  the  estimated  total  cost  of 
work  done  was  $2,566,209,000.  Projects  brought  to  completion  had  a  total  cost 
of  $2,072,407,454. 

Although  mileage  figures  do  not  give  a  complete  measure  of  the  physical  vol- 
ume of  work  involved,  they  are  useful  in  comparing  accomplishments  with  mile- 
ages included  in  the  Federal-aid  systems.  Postwar  projects  programed  to  June 
30,  1950,  provide  for  improvements  to  100,399  miles  of  highways  and  streets.  In 
terms  of  total  system  length,  the  mileage  of  primary  and  urban  improvements 
amount  to  nearly  14  percent  of  the  combined  primary  and  urban  Federal-aid 
system  mileage,  and  the  secondary  road  projects  amount  to  almost  17  percent 
of  the  secondary  Federal-aid  system  mileage. 

Of  the  total  mileage  included  in  approved  postwar  programs,  62  percent  or 
61,788  miles  had  been  completed.  An  additional  21,514  miles  were  under  con- 
struction or  approved  for  construction  at  the  close  of  the  fiscal  year. 

The  National  System  of  Interstate  Highways 

More  improvements  of  a  major  character  were  made  on  the  main  highways  of 
the  country  that  compose  the  National  System  of  Interstate  Highways  than  in 


any  previous  year.  The  number  «if  conf  rolled-access  expressways,  structures  to 
eliminate  crossings  at  K'-ade  with  rail  lines  and  with  otln-r  highways,  and  four- 
lane  divided  highways  under  way  increased  f;:reatly.  Tyi)i(ai  projects  are 
described  in  foliowiiif;-  paj-es,  in  the  section  on  work  <»n  ontstandin«  projects. 

The  interstate  .system,  as  designated  by  the  States  in  cooiKTiilion  with  Federal 
authorities,  includes  37,S0()  miles,  of  which  M1,S31  miles  arc  in  rural  areas  and 
5,969  in  urban  areas.  Appro.\imat('l.\  L',L'(H>  miles  of  the  K),(MHl  miles  anllmi-izcd 
were  reserved  for  connections  through  cities  and  circuml'ercnt  iiil  routes  jiroiind 
them.  No  changes  have  been  made  in  the  general  location  of  the  s.vstem  as 
approved  August  2,  1947.  The  original  designation  diagramed  the  <'onnections 
to  be  provided  among  the  larger  population  cent(>rs,  and  left  the  detailed  locations 
for  determination  as  improvements  were  nuide.  Every  State  was  engaged  in 
making  detailed  locations  for  projects  to  be  undertaken  in  the  near  future. 

The  report  for  the  fiscal  year  1949  .stated  that  all  but  1,900  miles  of  the  sy.stem 
in  rural  areas  and  398  miles  in  urban  areas  required  improvement  to  bring  the 
routes  up  to  standards  reconunended  for  the  volumes  of  traffic  then  existing. 
Cost  of  making  required  inqirovements  was  estimated  at  $11 ,2(>(),000,000. 

In  conqiarison  with  this  estimate  of  need  already  existing,  progress  made  dur- 
ing the  fiscal  year  is  not  impressive.  I'rojects  completed  with  Federal  assistance 
totaled  979  miles  at  a  total  cost  of  .$l()S,,507,r)78,  of  which  $S7,893,149  were  paid 
with  Federal  funds.  A  much  larger  amount  was  under  construction  or  approved 
for  construction  at  the  end  of  the  year — 1,467  miles  at  a  total  cost  of  .$351,74.5,663, 
of  which  $170,139,731  were  Federal  funds. 

Table  11  of  the  appendix  shows  the  status  of  the  improvement  program  by 
States.  Federal  expenditures  on  the  system  are  made  from  funds  provided  for 
the  Federal-aid  primary  system  and  for  urban  highway  improvements.  There- 
fore, table  11  shows  mileage  and  funds  also  included  in  tables  relating  to  the 
Federal-aid  primary  system  and  urban  improvements. 

Public  dissatisfaction  with  the  congestion,  delays,  and  dangers  on  main  routes 
was  an  important  factor  in  producing  increased  momentum  of  the  improve- 
ment program.  As  the  numerous  well-designed  expressways  and  other  arterial 
improvements  under  construction  are  completed  and  demonstrate  to  the  public 
their  great  advantages,  the  pressure  for  more  such  improvements  will  be  in- 
creased. Newspapers  of  one  State  explained  the  decrease  in  business  of  resort 
areas  as  due  to  new  express  highways  in  two  adjacent  States  that  made  other 
resort  areas  more  attractive  and  accessible.  Adverse  effects  of  lagging  highway 
improvement  on  business  led  to  much  action  in  past  road  development  and  will 
undoubtedly  do  so  in  the  modernization  of  the  interstate  system. 

Improvement  of   Urban  Highways 

During  the  fiscal  year  the  urban  highway  program  attained  the  full  speed 
contemplated  in  Federal  legislation,  since  allotments  of  Federal  funds  were 
more  than  equal  to  the  current  rate  of  apportionments.  Funds  apportioned  to 
the  States  specifically  for  urban  improvements  for  each  of  the  fiscal  yeai's  1950 
and  1951  amounted  to  $108,281,250.  Such  funds  assigned  to  projects  programed 
during  the  year  amounted  to  $123  million ;  for  projects  for  which  plans  were 
approved,  $104  million  ;  and  for  projects  placed  under  construction.  $110  million. 
In  many  States  additional  funds  were  expended  by  cities,  counties,  and  States 
on  major  urban  inq)rovements.  In  some  States  the  cities  or  counties,  or  both, 
provide  funds  for  the  purchase  of  right-of-way  which  in  urban  work  often  repre- 
sents a  large  percentage  of  the  total  cost.  Often  Federal  aid  is  used  on  only  one 
section  of  an  improvement  and  other  sections  are  constructed  simultaneously 
without  Federal  assistance. 
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Figure  2. — Progress  in  approving  programs,  awarding  contracts,  and  construct- 
ing projects  financed  with  postwar  Federal-aid  primary,  secondary,  and  urban 
funds. 
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During  the  fiscal  year  tlie  planning  of  Federal-aid  urban  highwaj'  systems  in 
cooperation  with  State  and  city  officials  was  completed  for  116  cities  and  con- 
siderable progress  was  made  on  system  planning  in  other  cities.  The  arterial 
routes  that  comprise  a  system  are  major  elements  in  any  plan  of  city  development. 
Fixing  of  their  locations  can  be  done  intelligently  only  in  conjunction  with  general 
planning  for  the  city  as  a  whole. 

Many  cities  had  effective  planning  commissions,  supported  by  city  funds  and 
sometimes  by  State  funds,  that  were  the  logical  group  to  represent  the  city. 
They  were  already  engaged  in  the  assembly  of  factual  data  on  city  conditions 
and  were  familiar  with  traffic  problems  and  did  excellent  work  in  planning  sys- 
tems. Where  it  has  been  necessary  to  create  an  organization  to  make  the  special 
studies  that  must  precede  intelligent  highway  planning,  the  Federal  authoriza- 
tion of  the  use  of  IV2  percent  of  the  funds  apportioned  to  a  State  for  research 
and  planning  has  made  possible  studies  that  otherwise  might  not  have  been  made. 

Urban  highway  funds  are  available  for  expenditure  in  cities  with  population 
of  5,000  or  more.  Improvements  need  not  necessarily  stop  at  municipal  limits 
but  must  be  within  an  "urban  area"  defined  for  the  purpose  of  Federal-aid  high- 
way improvement.  Nearly  all  the  2,000  cities  having  a  population  of  5,000  or 
more  have  been  incorporated  in  about  1,600  urban  areas  approved  in  accordance 
with  the  Federal  legislation.  In  the  past  fiscal  year,  the  limits  of  78  of  these 
urban  areas  were  revised  to  meet  changing  conditions,  jDarticularly  in  the  sub- 
urban communities.  In  some  cities  suburban  communities  were  included  within 
the  corporate  limits  and  thereby  became  a  part  of  the  designated  urban  area. 
In  others  they  were  added  to  the  urban  area  because  of  their  urban  characteristics, 
even  though  not  included  within  the  corporate  limits. 

The  preparation  of  city  plans,  designation  of  systems  of  urban  arterial  high- 
ways, and  later  the  preparation  of  construction  plans,  require  a  high  degree  of 
skill,  considerable  experience  in  urban  transportation  problems,  and  much  work 
by  a  staff  of  specialists.  With  the  general  increase  in  improvement  of  all  classes 
of  highways  the  States  found  themselves  undermanned  for  the  urban  work  and 
many  of  them  found  it  necessary  to  employ  consulting  engineers.  Since  the  in- 
ception of  the  urban  highway  program,  Federal  aid  has  been  requested  to  pay  a 
portion  of  the  cost  of  consulting  engineering  services  on  urban  highways. 

Work   on   Outstanding  Projects 

The  year  was  notable  for  the  number  of  cities,  urgently  in  need  of  express 
highways,  which  advanced  projects  from  the  planning  stage  and  made  substantial 
progress  on  construction.  Most  often  the  improvement  begun  was  a  first  section 
of  an  undertaking  so  large  that  it  must  necessarily  extend  over  a  period  of  years. 

New  bridge  at  Augusta,  Maine,  takes  traffic  off  husiness  streets. — The  urban 
area  of  Augusta,  Maine,  lies  astride  the  Kennebec  River.  A  large  amount  of 
local  travel  converged  toward  the  old  bridge  across  the  river,  and  it  was  also 
used  by  through  ti-avel  to  and  from  northern  Maine.  Passing  through  Augusta 
on  a  busy  day,  traversing  narrow  streets  and  steep  grades  was  an  interesting  but 
time-consuming  experience.  The  accompanying  picture  shows  a  model  of  the 
new  high-level  bridge  and  approaches  placed  in  use  during  the  year.  The  model 
also  shows  the  old  bridge  with  business  streets  at  each  end. 

Relief  for  Plymouth,  Mass. — The  main  route  from  Boston  to  Cape  Cod,  in 
Massachusetts,  passes  through  the  village  of  Plymouth  where  it  has  long  been 
choked  with  traffic,  especially  on  summer  weekends.  Much-needed  relief  has 
been  provided  by  the  construction  of  a  7.6-mile  controlled-access  highway  built 


Model  of  high-level  bridge  and  approaches  at  Augusta,  Maine. 

entirely  on  new  location.  It  is  estimated  that  this  alternate  route  around  Plym- 
outh will  take  about  3,000  cars  daily  out  of  the  congested  area  of  the  city  and 
speed  them  safely  on  their  way  to  and  from  Cape  Cod. 

Only  one  roadway  was  constructed  except  for  short  sections  of  divided  highway 
at  the  most  important  intersections.  Provision  was  made  for  construction  of  a 
second  roadway  wlien  a  full-length  four-lane  divided  highway  is  warranted  by 
traffic.  Included  in  the  present  improvement  are  10  highway  grade  sei)arations 
at  the  most  important  intersections. 


An  alternate  route  that  avoids  congestion  in  Plymouth,  Mass. 


Olucjivillc  Expressicay  at  Provklencc,  R.  I. — Providence,  R.  I.,  with  State  and 
Federal  assistance,  took  its  first  major  step  in  modern  expressway  improvement 
by  beginning  construction  of  the  Olneyville  Expressway  to  relieve  Olneyville 
Sqiiare,  which  has  been  a  continuing  and  increasing  source  of  costly  traffic  con- 
gestion since  automobile*  became  numerous. 


Sketch  of  the  expressway  being  constructed  in  Providence,  R.  I. 

The  expressway  passes  1  mile  west  of  downtown  Providence,  on  the  direct 
route  to  Hartford,  and  serves  but  does  not  enter  the  busy  shopping  district  for 
which  it  is  named.  Sixty  percent  of  tlie  traffic  in  tlie  central  sqiiare  will  be 
removed  and  distributed  among  the  nine  major  radial  streets  which  feed  into  the 
area.  This  bold  enterprise  necessitates  construction  of  10  bridges,  including  a 
2,000-foot  viaduct  over  railroad  tracks,  and  approximately  1^/i  miles  of  ex- 
pressway. 

New  Jersey  opens  important  expressway. — Completion  of  6  miles  of  unusually 
expensive  construction  in  New  Jersey  permitted  traffic  from  midtown  New  York 
City,  coming  through  the  Lincoln  Tunnel,  to  continue  westward  to  a  direct  con- 
nection with  U  S  46. 

Access  to  the  highway  is  partially  controlled  by  elevating  or  depressing  the 
route.  Highway  grade  separations  were  built  at  12  intersecting  streets,  and 
other  streets  were  closed  to  prevent  cross  traffic.  Two  railroad  overpasses,  two 
stream  bridges,  a  700-foot  bascule  lift  bridge  over  the  Passaic  River,  and  two 
parallel  streets  were  built  as  part  of  the  route.  Separation  of  the  opposing  traf- 
fic streams  was  obtained  by  a  continuous  center  island  which  allows  only  right 
turns  onto  the  exit  ramps. 

Although  the  cost  was  high,  over  $10  million  for  construction  alone,  it  is 
esthnated  that  the  13,000  vehicles  which  already  use  the  route  daily  will  save 
over  a  half -million  hours  in  driving  time  yearly. 

Congestion  removed  on  approach  to  National  Capital. — The  piling  up  of  traffic 
that  occurred  regularly  on  the  main  approach  to  Washington  from  the  south  has 
been  eliminated  with  the  completion  of  a  new  bridge,  paralleling  the  existing  14th 
Street  bridge,  to  serve  north-bound  traffic.  The  old  bridge  will  continue  to  serve 
south-bound  traffic  until  a  companion  structure  to  the  new  bridge  can  be  built 
at  some  future  time.  After  completion  of  the  new  bridge  tlie  average  weekday 
traffic  over  the  two  bridges  rose  to  80,000  vehicles  daily.  A  further  increase  was 
expected  after  resurfacing  of  the  old  bridge. 

Modernization  of  U  8  21  in  West  Virginia. — U  S  21  between  Charleston  and 
Parkersburg  is  one  of  the  most  important  north-south  routes  in  West  Virginia. 
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Large  volumes  of  earth  had  to  be  moved  in  modernizing  V  S  21  in 
West  Virginia. 

The  original  improvement,  a  16-foot  pavement  constructed  in  the  early  1920's  on 
a  winding  location,  had  become  completely  inadequate.  Improvement  had  been 
made  in  the  vicinity  of  Charleston,  Ripley,  and  Parliersburg  but  a  20-mile  section 
remained  as  a  dangerous  bottleneck.  The  greater  portion  of  the  section  is  to  be 
relocated  and  improved  with  a  24-foot  pavement  and  10-foot  shoulders.  Work 
was  begun  on  .5  miles  during  the  year.  The  accompanying  illustration  shows  the 
extensive  grading  necessary  in  modernizing  the  highway. 

Washington-Baltimore  ParTiway. — The  need  for  a  modern  highway  with  con- 
trolled access  between  Washington  and  Baltimore  has  been  talked  of  for  a  num- 
ber of  years.  Events  of  the  year  bring  such  a  highway  much  closer  to  reality. 
For  101/^  miles  from  the  Baltimore  city  limits  construction  is  to  be  as  a  Maryland 
Federal-aid  project  and  for  the  remainder  of  the  distance  to  Washington  as  a 
National  parlvway. 

A  four-lane,  divided  highway  on  new  location  with  controlled  access  for  the 
entire  distance  of  about  30  miles  is  planned.  There  will  be  no  cross  traffic  at 
any  point  and  the  new  route  will  be  shorter  than  the  old  one  by  about  4  miles. 
Provision  is  made  for  an  additional  lane  in  each  direction  when  needed.  Mary- 
land made  good  progress  on  the  portion  it  is  to  construct.  Shortly  after  the 
end  of  the  fiscal  year  Federal  funds  were  authorized  for  the  portion  to  be  built 
as  a  National  parkway  and  plans  were  ready  for  beginning  work  at  an  early 
date. 

Atlanta  Expressivay. — ^Atlanta  has  lost  no  time  in  carrying  out  a  metropolitan 
highway  plan  developed  with  the  assistance  of  the  Georgia  State  Highway  De- 
partment and  the  Bureau  of  Public  Roads.  At  the  end  of  the  fiscal  year  the 
first  section  of  the  expressway  from  the  central  business  district  toward  the  north 
was  nearing  completion.  Construction  was  started  on  extension  of  the  express- 
way south  to  the  west  side  of  the  business  district  and  north  to  connect  with 
Peachtree  Street  where  30,000  vehicles  per  day  will  be  intercepted.  Other  seg- 
ments of  the  metropolitan  plan  were  either  under  construction  or  nearing  that 
stage. 
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The  first  section  of  the  six-lane  Atlanta  Expressway  as  it  neared  completion. 


Alahama  contributes  conspicuous  example  of  highivay  modernization. — A  noto- 
riously tortuous  deficiency  in  the  interstate  system  in  Alabama  on  U  S  31,  be- 
ginning 30  miles  south  of  Montgomery  and  ending  4  miles  southeast  of  Green- 
ville, was  eliminated  by  reconstruction  on  a  new  direct  alinement.  The  reloca- 
tion is  18.3  miles  in  length,  or  approximately  6  miles  shorter  than  the  old  road, 
which  will  continue  to  serve  local  traffic. 

On  the  old  road  there  are  70  curves,  including  23  S-curves.  Twelve  miles  of 
the  old  route  are  zoned  for  no  passing  and  during  1948  11  accidents  were  re- 
ported on  this  12  miles  of  road  and  a  total  of  16  accidents  were  reported  on  the 
entire  section  being  replaced.  The  high  accident  record  was  due  to  hazards  re- 
sulting from  poor  alinement,  limited  sight  distance,  and  inadequate  18-foot  pave- 
ment. 
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The  new  iiiiid-ovcnuMit  hiis  si  wide  f;ra(l<'(l  roadwjiy,  a  'JO-foot  Ititiiiiiinous  pavf- 
iiieiit,  (i-foot  bitiiiniiKnis  surface-treated  slioulders,  ea.sy  tirades,  and  iiiir<,'stri(:ted 
sifilit  distance. 

Iiilolcnihif  Intffic  hlochadc  cliiiiiiuilcd  in  /ndifiiidiiolis. — Kentucky  Avenue  in 
Indiana|iiilis  was  (raveled  every  day  liy  l.'.OOO  veliidf-s  wliidi  liad  to  cross  rail- 
road Iracivs  used  foi'  I.'IO  Iraiii  iiiDVcniciil s.  Tiir  rt'siilt  is  sliowri  in  an  arconi- 
jianylnu'  iiiusi  ral  ion.  Tlic  coinpanioii  iiiitinc  slious  I  he  coniiiloic  I'cnioval  of  all 
(^lisl  nicl  i(»ii  cITcclcd  li\  a  new  i^radc  sf|i;i  r.-il  idn  slnu'lur'o. 


Traffic  delay  on  Kentucky  Avenue  in  Indianapolis  at  a  railroad  grade  crossing, 
and  the  free-flowing  condition  that  exists  since  the  grade-separation  structure 
teas  built. 

Modernization  of  U  S  12  approachiiiff  Mihraiikcc. — On  the  S  miles  of  U  S  12 
nearest  Milwaukee  traffic  averaged  about  10,000  vehicles  per  day  and  was  twice 
that  during  the  summer  peak.  The  old  road  built  in  1026  was  28  feet  wide — 
entirely  adequate  for  two-hine  traffic,  but  just  wide  enough  to  induce  some  drivers 
to  attempt  reckless  passing.  In  4%  years,  267  accidents  occurred,  7  of  them 
causing  deaths.  Since  1948  contracts  have  been  awarded  for  2  bridges  and  8 
miles  of  grading  to  extend  a  divided  roadway  within  1  mile  of  the  central 
business  district  of  Milwaukee. 
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First  controlled-access  highwaif  in  J.rfcans«s.— Work  on  the  first  highway  in 
Ariiansas  with  controlled  access  was  begun.  Eight  miles  of  improvement  be- 
ginning at  a  west  approach  to  the  new  Mississippi  River  bridge  will  form  part 
of  interstate  system  routes  from  Memphis  to  Little  Rock  and  to  St.  Louis.  The 
improvement  is  on  a  250-foot  wide  right-of-way.  In  the  initial  improvement  a 
two-lane  concrete  surface  is  being  provided  for  through  traffic,  and  later  two 
additional  lanes  and  a  30-foot  median  strip  will  be  constructed.  Frontage  roads 
to  serve  abutting  property  are  being  constructed.  Entrances  to  through  lanes 
will  be  provided  only  at  about  one-half  mile  intervals.  Rail  and  highway 
grade-separation  structures  were  to  be  contracted  for  soon  after  the  end  of  the 
year. 

Expressways  in  Texas. — Texas  continued  to  maintain  its  outstanding  position 
in  the  development  of  urban  expressways.  All  Federal-aid  urban  highway 
funds  have  been  allocated  to  expressway  projects  in  the  four  major  cities — 
Houston,  Dallas,  San  Antonio,  and  Fort  Worth.  Houston  has  completed  4.3 
miles  of  freeway  and  1  mile  of  what  is  called  a  "four-street  system".  The  results 
reported  by  the  State  for  20  months  of  operation  are  striking.  Traffic  has  grown 
from  28,800  vehicles  per  day  to  63,300.  There  have  been  only  three  traffic  fatal- 
ities in  90  million  miles  of  vehicle  travel.  Time  saved  by  drivers  amounts  to 
u early  3  million  hours.  Money  saving  is  estimated  at  $4.7  million,  or  more  than 
enough  to  pay  for  2  miles  of  expressway  exclusive  of  right-of-way. 

Santa  Ana  Freeway  in  California. — The  Hollywood  and  Santa  Ana  Freeways 
on  U  S  101  and  an  alternate  route  of  U  S  101,  on  the  interstate  system,  are  being 
constructed  to  provide  a  continuous  route  for  unobstructed  travel  through  the 
Los  Angeles  metropolitan  area  from  North  Hollywood  to  a  point  beyond  Santa 
Ana,  a  distance  of  44  miles.  Construction  is  progressing,  as  funds  permit,  at 
places  where  traffic  conditions  are  worst.  The  freeway  is  designed  to  have  three 
traffic  lanes  in  each  direction,  separated  by  a  raised  strip.  Crossings  with  rail- 
roads and  other  highways  are  to  have  grade  separations.  There  is  to  be  no  access 
from  abutting  property,  and  outer  highways  or  frontage  roads  are  being  con- 
structed as  necessary.  During  the  year,  work  was  begun  on  a  section  nearly  1 
mile  in  length  where  the  worst  traffic  jams  have  occurred.  The  work  includes 
structures  to  carry  three  railroad  tracks  and  two  highways  over  the  expressway. 

The  Federal- Aid  Highway  System 

Improvement  of  the  Federal-aid  highway  system  continued  to  be  the  largest 
single  activity  of  the  Bureau.  Many  of  the  major  improvements  were  located  on 
the  National  System  of  Interstate  Highways  which  represents  about  one-sixth 
of  the  system.  The  Federal-aid  highway  system  as  now  designated  includes 
219,776  miles  of  primary  highways  outside  of  urban  areas  and  14,710  miles  in 
urban  areas. 

Improvements  on  rural  highways  where  the  average  daily  traffic  is  over  5,000 
vehicles  are  usually  of  the  four-lane  type.  Such  improvements  represent  about 
5  percent  of  the  mileage  completed  on  the  primary  system  during  the  fiscal  year. 

There  has  been  a  marked  advance  in  the  standards  for  both  two-lane  and 
multilane  highways.  Large  quantities  of  earth  are  moved  in  widening,  straighten- 
ing, and  easing  the  grades  on  older  roads.  Embankments  are  constructed  with 
gentle  slopes  to  prevent  erosion  and  for  safety.  Widths  of  traffic  lanes  were 
8  or  9  feet  in  early  road  improvement.  Later  they  were  increased  to  10  and  11 
feet  and  now  12-foot  lanes  represent  the  best  practice.  Narrow  shoulders  are  no 
longer  acceptable  on  Federal-aid  projects.  On  divided  highways  a  wide  median 
strip  is  being  built.     Standards  relating  to  such  features  developed  in  cooperation 
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with  the  Amerif'Mii  Associ;ili(tii  of  Sliitc  IlifjliWM.v  Olliciiils  arc  IxMiig  gciM-riilly 
fipplied,  not  only  on  Fcdcral-iiid  iti'ojccls  l)ul  on  imitrovcnifiits  uitnh'.  willioiiL 
Federal  funds. 

Joint  Planning   of   lAnallon   ttf   Highways   and   Airports 

Exeelleiit  jjro^i'ess  was  made  in  carr.x  ini;(inl  I  lie  pniN  isioiis  of  seel  ion  11  dIiIic 
Federal-aid  Highway  Act  of  1!)44  relative  lo  lii;:li\vay  a<cess  l(p  airpoils.  Under 
the  terms  of  this  act,  Federal  funds  may  he  used  lor  I  he  recousi  i-uci  iou  or  reloca- 
tion of  hifjliways  on  the  Federal-aid  systi^ms  whii'ii  i^ive  .•ncess  lo  airports,  jiro- 
vi(h^d  tlie  Bureau  of  I'uhlic  Roads  and  I  lie  Slate  lii;;li\\ay  deijartmenis  have  con- 
curred with  otiicials  in  charge  of  the  airport  that  the  proposed  aii-port  and  high- 
way improvements  are  in  the  puhlic  interest.  .V  lesser  numhei-  of  recjuests  foi- 
concurrence  were  received  during  the  tiscal  yeai-  than  pi-eviously.  Ihiwever,  a 
larg(!  i)r()portion  of  those  received  were  for  airpoi-ts  serving  the  larger  (;ities. 

Und(>r  tlie  impact  of  the  L'ederal-aid  airport  progi-am  many  ma.)or  cities  were 
eiig,iiged  in  expanding  aii-ports  or  seeking  new  locations  to  I'uruish  hetter  air 
carrier  service,  lieipiests  for  concurrence  in  plans  for  airport  (leveloi)ment  were 
often  received  at  a  time  when  extensive  urhan  liighway  developments  wcir  being 
planned.  Joint  planning  of  a  high  order  by  representatives  of  the  J'.ui-eau.  Stale 
highway  otiicials,  the  Civil  Aeronautics  Administration,  State  aeronautic  com- 
missions, cities,  and  officials  responsible  foi-  airport  improvements  has  many  times 
resulted  in  the  satisfactory  solution  of  problems  of  related  highway  and  airway 
transp(ntation  facilities. 

In  furtherance  of  the  policy  of  the  Bureau  to  coordinate  highway  development 
with  that  of  other  forms  of  transpoi-tation,  the  Bureau  and  the  Civil  Aeronautics 
Administration  agreed  to  undertake  joint  studies  to  ascertain  the  adequacy  of 
existing  highway  facilities  between  the  business  districts  of  major  cities  and  the 
public  airports  serving  them,  and  to  determine  the  measures  that  should  be  taken 
to  accelerate  the  movement  of  vehicular  tratHc  between  those  termini  when  the 
studies  indicate  that  existing  facilities  are  inadequate.  As  a  step  toward  the 
development  of  the  most  desirable  techni(iues  for  use  in  these  studies,  tAvo  or  three 
cities  within  each  Bureau  field  division  were  selected  for  initial  consideration. 

Secondary   or  Farm-to-Market   Roads 

In  the  Federal-aid  program  for  construction  of  secondary  or  farm-to-market- 
roads,  the  physical  accomplishment  exceeded  that  of  any  previous  year. 

Itoads  to  be  eligible  for  improvement  with  Federal-aid  secondary  funds  must 
lie  on  an  approved  system  whicli  is  carefully  selected  in  eacli  State  and  county 
to  provide  the  maximum  community  service  possible  within  the  practical  limita- 
tions of  foreseealile  revenue  for  construction  and  maintenance,  'the  extent  of 
the  system  is  not  arbitrarily  limited  by  the  Federal  Governnu'iit  so  the  process 
of  selection  and  approval  is  a  continuing  one  from  year  to  year.  I>uring  the 
fiscal  year  about  7,000  miles  were  added  to  the  system,  bringing  the  tc)tal  for  the 
48  States,  the  District  of  Columbia,  Hawaii,  and  I'uerto  Rico  to  over  400.000  miles. 
For  the  48  States  alone  the  total  is  some  l.HOO  miles  less. 

More  than  lo,000  miles  of  secondary  road  improvements  were  completed  during 
the  fiscal  year — slightly  more  than  in  the  preceding  year.  This  compares  with 
a  total  of  16,300  miles  completed  in  fiscal  years  1046,  1947,  and  1948  combined. 
At  the  end  of  the  fiscal  year  88  percent  of  the  .$(596,750,000  of  Federal-aid  second- 
ary funds  apportioned  to  the  States  in  the  postwar  itrogram  had  been  conuuitted 
to  approved  programs  initiated  by  the  States  and  counties. 
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Since  initiation  of  a  major  program  of  improvement  of  secondary  roads  at  the 
end  of  the  war  there  have  been  programed  for  improvement  68,300  miles  of  which 
50,700  miles  had  been  completed  or  were  under  construction.  The  remaining 
mileage  was  in  various  stages  preparatory  to  actual  construction. 

Traffic  volume  on  the  roads  improved  is  evidence  of  their  feeder-route  charac- 
teristics. Of  the  more  than  13,000  miles  improved  during  the  year,  11  percent 
carried  less  than  50  vehicles  per  day,  24  percent  carried  between  50  and  100  ve- 
hicles per  day,  55  percent  between  100  and  400,  7  percent  between  400  and  1,000,  2 
percent  between  1,000  and  2,000,  and  1  percent  carried  over  2,000  vehicles  per  day. 
Ninety  percent  of  the  mileage  improved  carried  less  than  400  vehicles  per  day. 

The  costs  per  mile  of  the  improvements  compare  favorably  witli  those  obtained 
by  counties  on  their  .own  construction  without  Federal  assistance.  In  an  in- 
ventory of  local  road  administration  conducted  during  the  fiscal  year,  typical 
average  construction  costs  per  mile  were  obtained  for  each  county  in  the  United 
States.  It  was  found  that  the  average  Federal-aid  costs  for  the  several  surface 
types  on  secondary  roads  fall  within  the  predominant  cost  ranges  of  all  construc- 
tion by  local  highway  agencies  in  the  United  States. 

The  inventory  was  made  for  the  Commissioner  of  Public  Roads  by  the  Board 
of  County  Consultants,  which  is  composed  of  10  county  engineers  or  other  county 
officials — one  from  the  area  included  in  each  operating  division  of  the  Bureau. 
The  board  was  established  in  1946  to  obtain  the  advice  and  counsel  of  outstanding 
county  officials  in  launching  the  Federal-aid  secondai'y  program.  The  county 
viewpoint  obtained  was  so  valuable  that  the  board  has  been  continued.  During 
the  fiscal  year  the  board  made  an  inventory  of  local  highway  administration 
covering  every  county  in  the  United  States.  Much  of  the  information  obtained 
was  used  in  the  report  of  the  Bureau  to  the  Subcommittee  on  Roads  of  the  Senate 
Committee  on  Public  Works  for  use  in  considering  the  regular  Federal-aid  high- 
way legislation.  Some  of  the  more  important  findings  of  the  report  are  presented 
on  page  40. 

Typical  Farm-to-Market  Road  Improvements 

Improvement  of  a  secondary  road  or  bridge  arouses  great  interest  only  among 
those  who  must  use  it  to  reach  their  church,  school,  or  market.  To  these  people 
road  improvement  means  removal  of  difficulties  in  all  travel  away  from  their 
farms  and  in  many  cases  the  end  of  almost  complete  isolation  during  a  portion 
of  the  year.  In  the  aggregate  the  conversion  of  farm-to-market  roads  to  year- 
round  service  is  greatly  increasing  the  food  supply  of  the  Nation  and  improving 
social  life  on  the  farm  to  an  extent  that  benefits  and  strengthens  the  entire 
country. 

TTie  following  descriptions  of  improvements  made  are  typical  of  thousands 
of  projects  in  all  parts  of  the  United  States. 

In  northern  Georgia  a  road  has  been  built  between  Dahlonega  and  Cleveland 
and  surfaced  with  tailings  from  an  old  gold  mine.  The  new  road  through  fertile 
mountain  valleys  replaces  an  old  winding  mountain  trail.  The  area  is  already 
showing  improvement  in  farms  and  residences.  Travel  distance  between  termini 
is  reduced  by  S  miles. 

Florida  lias  many  areas  of  soil  rich  in  humus  that  are  capable,  of  growing 
winter  vegetables  and  other  products  at  an  amazing  rate,  but  which  have  been 
little  used  because  of  the  difficulty  in  reaching  markets.  The  accompanying 
illustration  shows  a  trail  throngh  a  dense  tropical  growth.  Frequently  parts 
of  the  trail  were  under  water  for  extended  periods  and  in  dry  weather  the  loose 
sand  was  difficult  to  get  through.  Passing  other  veliicles  was  a  problem  in  any 
kind  of  weather.    The  companion  view  shows  the  new  road  that  has  been  built. 
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A  secoinlary  road  in  northern  (ieorfiid.      A(W/< «'  ihf  nlil  niiidiiifi  nxid 
now   replaced. 

Since  several  st'rious  accidents  have  occurred  at  the  grade  crossing,  a  flashing 
signal  was  installed.  The  area  served  hy  this  particular  road  produces  potatoes, 
toliacco,  hogs,  and  watei'nielons. 

In  Edgar  County,  111.,  two  small  connnunities  surrounded  by  productive  farni 
land  needed  an  all-weather  outlet  to  a  main  highway.  The  existing  road  crossed 
a  low  area  where  water  ponded  to  a  depth  of  2  or  3  feet  during  rainy  seasons. 
In  the  improvement  of  the  road  it  was  necessary  to  construct  an  IS-ineh  storm 
sewer  for  a  distance  of  more  than  one-fourth  mile.  This  was  an  expensive  but 
necessary  item. 

The  most  common  characteristic  of  secondary  roads  in  every  State  is  old 
obsolete  bridges  likely  to  fall  under  any  moderately  heavy  load.  "Each  year 
many  In-idges  fail  or  are  washed  away  by  an  unusual  flood.  When  this  happens 
the  people  served  by  the  bridge  must  wait  many  months  for  replacement,  and 
in  the  meantime  travel  poor  and  circuitous  routes  to  sell  their  products  and 
buy  what  they  need.  Federal-aid  secondary  road  funds  are  being  used  to  replace 
old  bridges  and  forestall  disaster.  An  accompanying  illustration  shows  a  one- 
lane  bridge  in  Wisconsin,  built  50  years  ago,  that  was  due  to  fail  before  very 
long  if  left  in  use.     It  was  replaced  with  a  200-foot  span  of  ample  two-lane  width. 

Newton  County,  Ark.,  had  neither  a  railroad  nor  paved  highway  as  an  outlet 
for  its  lumber,  dairy,  and  farm  products.  A  bituminous  road,  11.6  miles  in 
length,  was  nearing  completion  at  the  end  of  the  year,  to  serve  the  county  and 
also  to  provide  an  entrance  to  the  Ozark  National  Forest.  It  will  iieiuuit  tourists 
to  enter  the  scenic  mountainous  area  adjacent  to  beautiful  Bufl'alo  River. 

Texas  has  been  one  of  the  consistent  leaders  in  improvenient  of  secondary 
roads.  Rich  black  soil  produces  large  crops  but  is  extremely  sticky  and  ditficult 
to  travel  when  wet.  In  some  areas  it  has  been  necessai-y  to  hitch  four  mules 
to  a  wagon  to  get  produce  to  market.  An  illustration  shows  one  of  the  numerous 
roads  completed  last  year. 

Many  of  the  secondary  roads  in  the  Western  States  serve  farming  and  graz- 
ing interests  and  als<i  give  important  service  in  the  production  and  transportation 
of  raw  materials  of  particular  importance  in  the  national  economy.  The  Helena- 
Wilboru  road  in  Montana  is  such  a  road.    Logs  are  cut  and  sawed  on  the  western 
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Before  and  after  road  improvement  in  the  Everglades  section  of  Florida. 

slope  of  the  Rocky  Mountains  and  the  lumber  hauled  over  the  summit  on  the 
road  to  a  rail  loading  point  where  it  is  shipped  mainly  to  eastern  markets. 
Over  300  tons  of  high-grade  zinc  and  lead  concentrates  are  also  hauled  each 
month  over  this  road. 

Many  of  the  farm-to-market  roads  in  California  are  heavy-traffic  roads  and 
require  a  high  type  of  construction.  The  Santa  Clara  Valley  annually  produces 
several  hundred  thousand  tons  of  fruit  that  will  be  spoiled  if  hauled  over  rough 
roads.  During  the  past  fiscal  year  Federal-aid  funds  for  secondary  roads  were 
used  to  convert  a  2i4-mile  section  of  a  rough  road  to  wide  smooth  surface  at  a 
cost  of  $76,000.  The  road  carries  a  daily  traffic  of  l',000  to  8,000  vehicles,  in- 
cluding about  500  trucks. 
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A  50-year-old  bridge  in  Wisconsin  that  reached  the  end  of  its  useful  life,  and 
the  modern  structure  that  replaces  it.  Relocation  of  the  stream  crossing 
was  necessary. 
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Texas  is  rapidly  extending  its  wide  network  of  excellent  farni-to-inarket  roads. 

Highway  Improvement   Under  Direct  Supervision  of  the  Bureau 

In  addition  to  administratiou  of  the  Federal-aid  liighway  work  for  wbit-h 
the  contracts  are  let  and  all  direct  engineerinu-  work  performed  by  the  State 
highway  departments,  the  Bureau  is  responsible  for  direct  supervision  of  a 
considerable  volume  of  highway  work.  Part  of  this  work  is  tinanced  with  funds 
made  available  to  the  Bureau  by  congressional  actiim.  The  remainder  is  work 
performed  for  other  Government  agencies  under  inter-bin-enu  agreements,  with 
funds  appropriated  to  those  agencies. 
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Hauling  lumber  over  a  secondary  road  in  Montana. 

On  this  class  of  work  the  Bureau  makes  surveys,  prepares  plans,  and  super- 
vises construction  with  its  own  employees.  The  expenditures  made  during  the 
iiscal  year  on  such  work  are  given  below. 

Forest  highways -  $27,  496,  800 

Park  roads,  trails,  and  approach  roads ^899,900 

Parkways M,  912,  200 

Forest  development  roads 554,  500 

Cooperative    wbrk,    forest    highways    (contributions    for 

local  work) J 619;  100 

Virgin  Islands   (Bureau  of  Community  Facilities) 226,800 

Los  Alamos  roads  (Atomic  Energy  Commission) 67,900 

Emergency  reconstruction  and  repairs  (Forest  Service) 667,800 

Timber  access  roads  (National  Housing  Agency) 247,800 

Public    lands    highways ^ 777,500 

Roads,  bridges,  and  trails,  Alaska : 

Turnagain    Arm 3,  883, 100 

Surveys 624,  500 

Construction  in  interior  Alaska  for  Alaska  Road  com- 
mission    ^  6,  111,  900 

Total 47,089,600 

Forest  highways 

Forest  highway  construction  gained  momentum  during  the  past  two  fiscal 
years  and  was  proceeding  at  a  fairly  rapid  rate  at  the  end  of  the  year.  How- 
ever, the  rate  of  progress,  as  governed  by  available  funds,  was  much  below 
that  necessary  to  provide  an  adequate  system  within  a  reasonable  period  of 
years.     The  status  of  forest  highway  construction  at  the  end  of  the  year  is 

^  Does  not  inchide  expenditures  from  cooperative  funds  provided  by  States  or  local 
agencies. 

3  Includes  expenditures  by  National  Park  Service. 

*  Estimated  value  of  payments  made  by  Alaska  Road  Commission. 
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shown  in  t:il)lc  IC  of  llic  iipixMidix.  Cotisl  nicl  ion  accoiniilisliinont.s  (luring'  tli" 
(iscal  year  arc  iiulicati-d  Ity  expend  ittii-c  dMiinu  I  In-  .\t'iir  (»r  $27.  t'.lC.soo,  I'xclu- 
sive  of  funds  provided  by  States  and  local  aiil  Imril  ics.  Five  ImiHlrcd  and 
Inrty-one  nules  were  completed  and  al  tlic  end  ot  I  lie  year  SJl  ndles  were  inider 
construction  or  I'cady  for  constrnci  ion.  Typical  forest  highway  iniprovenients 
are  descrii)cd  in  the  followiu},'  paragraphs. 

*S'»(/A-c  L'inr  Hridfic. — ^1 'oust  rncl  ion  of  a  .'{Kiroot  steel  arch  lirid^c  across 
Snake  Kiver  in  Teton  National  Fctrcsl  in  Wyominji  and  :in  .idjaccnl  .section 
of  liif,diway  was  he.iiun.  This  lenjith  of  span  places  Ihe  hriclKc  anions  the 
notable  foivst  liij;hway  structures.  Coniplelion  of  the  lu'idKe  and  20  miles 
of  forest  hifjhway  fornnn.ii-  part  of  U  S  Si)  will  open  a  new  route  savin>^  from  DO 
to  135  miles  in  travelinjj-  from  Utah  and  soutlieastern  Idaho  to  Jackson  Hole, 
Grand  Teton  NatiouiU  Park,  and  Yellowstone  .National  I'aiU.  II  will  l)e  pos- 
sible to  nmke  a  gradual  climb  to  .lacU.son,  Wyo.,  at  an  elevation  of  ^\:l'^')  feet 
instead  of  goiufj  over  a  jsunnnit  on  the  Teton  I'ass  route  at  an  elevati<in  of 
N,43ll  feet.  The  difference  in  elevation  of  over  2,()()()  feet  makes  a  j;;reat  differ- 
ence in  travel  conditions  from  early  fall  to  late  sprinj;  in  this  area. 

Blue  Creek  liaii  llrUUje. — Work  was  started  on  a  brid;,^'  across  Blue  Creek 
Bay  on  Lake  Coeur  d'Alene  in  Idaho.  This  project  is  notable  both  because  of 
dithculties  overcome  in  de.sign  and  construction  and  the  service  to  travel  that 
will  ))e  given  by  the  bridge.  Pipe  caissons  to  support  the  bridge  must  pass 
through  80  feet  of  water  and  2r)0  feet  of  soft  clay  and  sand  before  reaching  solid 
rock.  There  are  few  structures  in  the  world  so  located  that  it  has  been  necessary 
to  penetrate  to  a  depth  of  330  feet  to  find  firm  support.  This  bridge  will  form  a 
link  in  the  interstate  highway  system  and  U  S  10,  which  is  the  principal  route 
across  the  Idaho  Panhandle  for  transcontinental  and  interstate  travel  between 
points  in  Montana,  Idaho,  and  Washington.  It  will  effect  a  saving  of  2  miles  in 
di.stance  and  eliminate  a  climb  to  a  point  700  feet  higher  over  a  narrow,  winding, 
and  dangerous  road. 

Swift  River  Forest  Highimi/. — An  important  forest  highway  project  in  the 
East  is  the  4  miles  of  con.struction  in  the  White  Mountain  National  Forest  of 
New  Hampshire.  This  project  is  on  the  Swift  River  Highway  which,  when  com- 
pleted, will  open  up  virgin  territory  and  provide  a  new  highway  across  the  moun- 
tains, connecting  Lincoln  with  Conway. 

Forest  development  roads 

The  Forest  Service  of  the  Department  of  Agriculture  has  for  years  called  upon 
the  Bureau  to  prepare  plans  and  supervise  construction  of  major  forest  develop- 
ment roads.  These  are  the  roads  of  primary  importance  for  the  protection, 
administration,  and  utilization  of  the  forests  and  their  resources.  At  the  end  of 
the  fiscal  year  construction  of  12  forest  development  roads  totaling  44  miles  in 
length  was  being  supervised. 

National  park  highways,  park  approach  roads,  and  parkways 

Programs  for  the  improvement  of  highways  making  National  parks  accessible 
to  the  public,  and  for  parkways,  are  developed  in  cooperation  with  the  National 
Park  Service.  Construction  contracts  are  awarded  by  the  Secretary  of  the 
Interior  but  the  Bureau  does  all  engineering  work,  including  supervision  of 
construction. 

There  was  a  marked  increase  in  rate  of  progress  on  this  work.  During  the 
year  170  miles  of  road  were  completed,  and  233  miles  were  under  construction  at 
the  end  of  the  year.  Surveys  were  completed  or  under  way  on  r)6.'>  miles  for 
which  future  construction  was  planned. 
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The  mileage  of  roads  completed  or  under  construction  within  each  of  the 
National  parks  and  monuments  and  on  the  various  park  approach  roads  and 
parkways  is  shown  in  tables  18  and  19  of  the  appendix. 

The  Bureau  and  the  National  Park  Service  cooperated  in  the  planning  of  a 
National  park  highway  system,  including  approach  roads,  to  serve  adequately 
the  increasing  numbers  of  tourists  visiting  the  park  areas  each  year.  When 
the  selection  of  routes  is  completed  the  two  agencies  will  prepare  a  joint  report 
on  the  system  needs  and  the  cost  of  meeting  them  over  a  period  of  years.  Such 
information  is  needed  as  the  basis  for  planning  an  adequate  program.  Examples 
of  current  park  improvements  follow. 

Stevens  Canyon  Highioay. — Construction  of  the  Stevens  Canyon  Highway  in 
the  southeastern  part  of  Mt.  Rainier  National  Park  in  Washington  was  far 
advanced  when  work  was  stopped  in  1942  because  of  the  war.  Construction 
remained  inactive  until  last  year  and  the  road  was  unusable,  although  com- 
pletion of  only  about  a  mile  of  grading  and  construction  of  a  162-foot  tunnel 
and  a  number  of  bridges  and  viaducts  were  needed  to  open  the  road  through 
the  canyon. 

Construction  was  begun  in  the  fiscal  year  on  the  tunnel,  two  bridges  and  two 
viaducts,  and  0.8  mile  of  grading.  When  the  road  is  completed  it  will  not  only 
afford  access  to  the  scenic  and  recreational  features  of  the  park  but  will  also 
provide  a  new  east-west  route  for  through  traffic  where  no  route  now  exists  in  a 
distance  of  40  miles  north  and  south. 

Moran-Yellowstone  Park  approach  road.- — ^The  Moran-Yellowstone  Park  ap- 
proach road  in  Wyoming  is  a  part  of  U  S  89  and  287  and  provides  access  to  the 
south  entrance  of  Yellowstone  National  Park.  The  southerly  5.9  miles  of  the 
route  were  constructed  in  1931  and  1932  and  the  northerly  8.3  miles  wtere 
completed  in  1948.  The  intervening  gap  consisted  of  15.3  miles  of  unimproved, 
narrow  road  with  steep  grades  and  sinuous  alinement.  Work  was  begun  on 
grading  and  surfacing  this  section  during  the  fiscal  year. 

Turnagain  Arm  and  interior  Alaska  roads 

,  At  the  request  of  the  Department  of  the  Interior,  the  Bureau  undertook  in 
1948  the  survey,  design,  and  construction  of  the  Turnagain  Arm  section  of  the 
Seward-Anchorage  highway  in  Alaska.  This  section  begins  58  miles  north  of 
Seward  and  extends  47.5  miles  around  Turnagain  Arm  Bay  to  Indian.  There 
was  no  road  between  these  points  and  the  construction  of  this  section,  together 
with  the  construction  of  the  12-mile  section  from  Indian  to  Potter  by  the  Alaska 
Railroad,  will  make  highway  transportation  possible  all  the  way  from  Seward  to 
Anchorage.  As  it  will  supplement  or  substitute  for  the  railroad  transportation 
now  available  but  which  may  be  discontinued  soon,  it  is  vitally  important  to  the 
development  and  defense  of  Alaska.  Contracts  for  work  to  cost  $7,194,700  were 
awarded  during  the  previous  fiscal  year  for  the  grading  and  drainage  structures 
on  the  Turnagain  Arm  section  and  by  the  end  of  the  fiscal  year  the  work  was 
approximately  75  percent  complete. 

In  accordance  with  an  inter-bureau  agreement  the  Bureau  also  undertook  for 
the  Alaska  Road  Commission  an  extensive  program  of  road  improvements  in 
interior  Alaska.  The  work  undertaken  includes  survey  and  preparation  of  plans 
on  613  miles  and  supervision  of  several  contracts  for  reconstruction  and  bitumi- 
nous surfacing  on  212  miles  of  the  Glenn,  Richardson,  and  Alaska  Highways.  This 
entire  construction  program  was  placed  under  contract  during  the  previous 
fiscal  year  at  a  cost  of  $8,659,887  for  the  212  miles.  At  the  end  of  the  past  fiscal 
year  construction  on  the  Glenn  and  Alaska  Highways  and  on  one  section  of  the 
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Richardson  Ilifihwny  was  i)ra(li<all.v  cuinplcicd  and  it  was  cviioctcd  lliat   tlic 
remainder  would  Ik;  conipletcd  lid'or-c  llic  end  of  the,  IDHO  worUiii}^  season. 

Public  lands  hi^liwuys 

Prior  to  World  War  II,  lunds  were  a  ill  liori/rd  at  vai'i<iiis  tinn's  tor  JniiiidNc 
ment  of  main  roads  llii-()ii.i;li  unaiiiirniniali'd  nv  iinrcsi'iv  rd  piihlic  hinds,  non- 
taxable Indian  lands,  oi'  ollici-  l''c(l<'r;il  icsfiv.i lions  ullii-r  IIi.mi  .\;iliiin;il  fctrest 
reservations.  Altliouuii  no  additional  funds  were  authorized  iifter  llie  war 
(until  enactment  of  the  Federal-aid  Hi;:liwa.v  Ad  nl'  I'.MO),  some  work  has  been 
done  with  remainiufj  balances  (»f  iirew.-ir  authorizations. 

At  tile  end  of  the  fiscal  year  all  but  a  ne;;'li.Liible  ;imounl  of  llie  total  aulliofiza- 
tion  since  1931  of  $2(>,(MM),()0<)  had  been  itroKramcd  to  pio.jecis,  $2r»,l ()<;,".(;".  worth 
of  work  had  been  completed,  and  .$4S2,S2S  woilh  was  under  construction. 

Special  projects  for  other  agencies 

Virghi  Islands  roiids. — At  the  request  of  the  lUireau  of  Connnuiuly  Facilities, 
formerly  a  part  of  the  Federal  Works  A,tiency,  lu.iihway  construction  to  cost  ap- 
proximately ,$(jr),S,OU()  was  undertaken  in  the  Virj^iu  Islands.  Tlie  work  was 
nearly  comp'leted  at  the  end  of  the  fiscal  year. 

Los  Alamos  roads. — Construction  of  4.9  miles  of  highways  at  Los  Alamos, 
N.  Mex.,  at  an  estimated  total  cost  of  $435,000,  was  undertaken  for  the  Atomic 
Energy  Commission.     Tlie  work  was  completed  early  in  the  fiscal  year. 

Timber  access  roads.— A  large  program  of  road  construction  was  supervised  for 
the  National  Housing  Agency  to  provide  access  to  timber  urgently  needed  to 
expedite  construction  of  housing  for  veterans.  The  total  program  cost  approxi- 
mately $6,572,000.  The  last  of  the  construction  was  completed  during  the 
fiscal  year. 

Emcrgencij  reconstruction  of  forest-development  roads. — The  Forest  Service 
requested  the  Bureau  to  assist  in  reconstruction  and  repair  of  forest-development 
roads  heavily  damaged  by  severe  floods  in  the  Pacific  Northwest  States  in  1940. 
A  total  program  of  work  to  cost  approximately  $1,143,000  was  undertaken  and 
w  as  in  progress  at  the  end  of  the  fiscal  year. 

Cooperative  toork  for  counties. — Occasionally,  when  a  forest  highway  pro.1ect 
is  under  construction,  the  county  or  some  other  local  government  agency  desires 
to  take  advantage  of  the  presence  of  construction  crews  on  the  project  to  get  some 
other  road  in  the  locality  constructed.  The  local  agency  enters  into  an  agreement 
with  the  Bureau  to  have  the  work  done  in  conjunction  with  the  construction 
of  the  forest  highway.  Payment  is  made  from  local  funds  deposited  with  the 
Bureau.     Work  of  this  type  costing  $619,000  was  done  during  the  fiscal  year. 

Indian  roads. — A  total  of  $30  million  has  been  provided  in  the  postwar  period 
(exclusive  of  authorizations  provided  by  the  Federal-aid  Highway  Act  of  19.501 
for  roads  giving  access  to  Indian  reservations  and  Indian  lands.  The  Bureau  of 
Indian  Affairs  of  the  Department  of  the  Interior  selects  projects  and  supervises 
construction.  The  Bureau  of  Public  Koads  acted  in  an  advisory  capacity  on  the 
work  done  during  the  year. 

Repair  of   War-Damaged  Highways 

The  repair  of  war-damaged  roads  as  authorized  by  the  Defense  Highway  Act 
of  1941  was  continued  in  cooi»eration  with  local  officials. 

At  the  close  of  the  fiscal  year  2S7  claims  for  the  repair  of  0,0S5  miles  of  roads, 
in  the  amount  of  $10,418,192,  had  been  received  and  recommended  for  payment. 
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Funds  have  been  appropriated  for  payment  of  257  of  these  claims  for  5,778  miles 
of  road,  in  the  amount  of  .$9,410,555.  During  the  llscal  year  16  claims  for  the 
repair  of  211  miles  of  road,  in  the  amount  of  $428,803,  were  paid.  Ten  claims 
were  pending  on  June  30,  1950.  When  these  are  disposed  of,  this  activity  will 
be  terminated. 

The  rehabilitation  of  7,815  miles  of  roads  in  military  maneuver  areas  in 
Tennessee,  Louisiana,  Texas,  and  Mississippi,  authorized  by  Public  Law  No.  288, 
Seventy-eighth  Congress,  has  been  completed  at  a  cost  of  $3,909,145. 

Repair  of  Flood-Damaged  Roads 

For  many  years  the  Federal  Government  has  aided  the  States  in  the  repair  or 
reconstruction  of  highways  and  bridges  damaged  or  destroyed  by  floods  and 
other  disasters  of  extraordinary  character  and  extent.  Such  aid  has  been  possi- 
ble under  authorizations  permitting  the  use  of  available  emergency  relief  funds 
without  waiting  for  specific  legislative  action  following  each  disaster.  Aid  is 
now  limited  to  routes  on  the  Federal-aid  highway  systems. 

Allocations  of  emergency  relief  funds  totaling  $3,299,526  were  made  during  the 
fiscal  year  to  11  States  to  assist  in  rehabilitation  work  estimated  to  cost 
$7  million.  Of  these  funds  $1,170,659  were  allocated  for  the  repair  of  flood  dam- 
age that  occurred  during  previous  fiscal  years  in  seven  States,  for  which  addi- 
tional funds  were  required  to  complete  the  necessary  rehabilitation  work.  The 
remaining  $2,128,867  were  allocated  to  four  States  in  which  floods  occurred  dur- 
ing the  fiscal  year. 

Arkansas,  Oklahoma,  Virginia,  Washington,  and  West  Virginia  received  the 
major  portion  of  the  emergency  relief  funds  allocated  for  the  completion  of  reha- 
bilitation work  necessitated  by  floods  that  occurred  during  previous  fiscal  years. 
Nearly  half  of  such  funds  was  allocated  to  West  Virginia  for  repair  of  damage 
caused  by  the  June  1949  floods  and  accompanying  mountain  slides  along  the 
watershed  of  the  south  fork  of  the  Potomac  River.  Work  necessitated  by  dis- 
asters in  previous  fiscal  years  has  either  been  completed  or  is  nearing  completion. 

Allocations  totaling  $2,128,867  have  been  made  to  Minnesota,  North  Dakota, 
South  Dakota,  and  Nebraska  to  assist  in  rehabilitation  work  necessitated  by  the 
unprecedented  spring  floods  of  1950. 

Other  floods  occurred  during  the  flscal  year  in  West  Virginia  and  Wisconsin. 
These  States  have  notified  the  P>ureau  of  their  intention  to  request  allocations  of 
funds  to  assist  in  highway  rehabilitation  work.  Hawaii  has  notified  the  Bureau 
of  its  intention  to  request  emergency  relief  funds  to  assist  in  repair  of  highways 
damaged  or  destroyed  by  the  lava  flows  resulting  from  the  June  1950  eruptions 
of  Mauna  Loa  Volcano.  Only  a  small  balance  of  emergency  relief  funds  re- 
mained unallocated  at  the  end  of  the  year. 

Hawaii    War  and  Emergency  Damage   Program 

A  Federal  fund  of  $10  million  was  authorized  in  1947  for  rehabilitation  or 
repair  of  roads  and  bridges  in  Hawaii  that  had  been  damaged  by  the  armed 
services  or  by  contractors  in  connection  with  prosecution  of  the  war,  and  for 
the  restoration  or  reconstruction  of  highways  and  l»ridges  that  were  damaged 
or  destroyed  by  seismic  waves  in  April  1946. 

On  war  damage  work  the  Territory  is  required  to  match  Federal  funds  to  the 
extent  required  by  the  Commissioner  of  Public  Roads.  On  seismic-wave-dam- 
aged work  the  Territory  must  make  a  contribution  equal  to  that  of  the  Federal 
Government.  This  authorization,  for  Hawaii  only,  is  similar  to  previous  authori- 
zations for  emergency  reconstruction  of  highways  and  bridges  damaged  by  floods 
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fd"  oilier  (lisaslcrs  over  ;i  w  iilc  ;ifc.i  ;is  pnn  idcd  fur  llic  Sliilcs  liy  Niii'ioiis  l''i'(|ci-;il- 
iiid    lii}j;li\v;iy    Icj^isNilivc    fiiiid  iiirnls. 

1>.V  )li<'  end  of  file  (isciil  yciir  iiro};i;niis  had  liccii  a|i|)i<i\cd  lor  war-tjji marred 
roads  costiii^^  ,$;'>, -I sn.'J^L!  in  [''cdd'al  ruiids  and  Tor  s('isMiii--\vavc-(Iania},'<'<i  roads 
cosliii^'  .f(i,0(i4,;!.S0  in  Federal  liinds.  'I'lie  lolal  eos),  of  the  work,  indiidin;:  nialdi- 
iiifi  funds,  was  )};ir» ,!).''>!, ")().'!,  ])ro\  idin-  for  I  he  rdialiilil  a  I  ion  or  repair  of  liTlJ  nnies 
of  roadway  and   l»rid>;es. 

Rehnhilitnluni    of   Philippitu'   Uifihways 

Tender  the  IMiiliiipine  Kehaiiililalion  Act  of  l'.)-t(i  the  P.urean  of  I'nhlie  Roads 
was  authorized  to  desijuii,  restore,  and  rebuild,  in  coopei'ation  willi  llie  IMnlippine 

(iovernnient,  roads  and  liridj^es  that  had  I n  wardaniaued  or  I  hat   wonid  ai<l  in 

the  economic  recovery  of  the  rhilippines. 

The  I'hilippine  (iovernnient  is  represented  in  this  worU  hy  ils  1  )epaiMiiient  of 
Public  Works.  The  total  cosi  of  the  profirain  will  be  apiiroxiinalely  ,$.")()  million 
of  which  the  I'nited  Stales  will  contribute  $40  million,  includinj^  necessary  .id 
miiiistrative  exiien.ses.  The  pro.urain  at  present,  consists  of  oO,")  const ru(;t ion 
projects,  5  hijihway  planniufi;  survey  projects,  and  a  Nation-wide  bridge  project 
for  the  i)urchase  of  hiuhway  and  bridge  building  ecpiipment  and  material  cover- 
ing 22(5  minor  l)ridges  being  constructed  l)y  IMiilippine  (iovernnient  forces.  Par- 
ticipation by  the  United  States  in  the  \ation-wide  bridge  project  is  limited  to 
the  furnishing  of  reinforcing  steel  and  concrete  mixers  and  technical  assistance. 
The  construction  projects  provide  for  the  rehabilitation  of  364  miles  of  highway 
including  203  major  bridges. 

The  program  progressed  satisfactorily  during  the  fiscal  year.  The  objective 
set  for  the  year  \\'as  carried  out  in  that  all  projects  were  designed,  advertised, 
bids  opened,  and  funds  obligated  by  the  end  of  the  year. 

Congress  amended  the  Rehabilitation  Act  of  1946  to  extend  the  liiuil  date  of 
completion  of  the  program  from  June  30,  IDHO,  to  June  80,  1U51.  During  the 
fiscal  year  98  projects  were  completed  and  work  was  started  on  128  more.  Since 
the  beginning  of  the  program  182  projects  have  been  completed,  and  102  are 
under  construction.  It  was  anticipated  that  contractors  would  be  ordered  to 
commence  work  on  all  remaining  77  projects  by  July  31,  lOoO,  and  barring  any 
unforeseen  contingency  would  have  all  work  completed  by  June  80,  1951. 

One  of  the  most  extensive  projects  under  way  during  the  year  was  the  paving 
of  106  miles  of  streets  in  Manila.  In  addition  to  city  streets,  two  major  liridgps 
were  completed  and  contracts  let  for  two  more  major  bridges  across  the  Pasig 
River  in  Manila.  The  latter  are  the  Santa  Cruz  Bridge  and  the  Ayala  P>ridge. 
The  four  bridges  will  cost  approximately  $2.5  million.  To  provide  an  adequate 
approach  to  the  Ayala  Bridge  it  was  necessary  to  plan  a  new  four-lane  divided 
street  through  a  heavily  built-up  district.  The  Philippine  Government  has 
purcha.sed  right-of-way  :ind  is  clearing  buildings  from  the  location  at  a  cost  of 
over  $500,000. 

Major  street  improvement  in  Cebu,  second  largest  city  in  the  Philiiipines.  is 
well  under  way.  Twelve  miles  of  central  Inislness  streets  .are  being  improved  jit 
a  cost  of  .$874,000. 

Progress  on  the  226  smaller  bridges  for  which  the  Bureau  is  furnishing  rein- 
forcing steel  has  been  fair,  with  some  provinces  having  completed  all  of  the 
bridges  within  their  jurisdiction. 

The  highway  planning  survey  oruani/.arion  of  the  I'hilippine  Departnu-nt  of 
I'ublic  Works  has  compiled  a  complete  statistical  report  covering  the  present 
condition    of    Philippine    higli\\ays.    their    tratlic.    needed    iniprivements,    and 
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finances.  This  is  the  culmination  of  the  3-year  effort  to  provide  factual  data  for 
long-range  planning,  so  necessary  to  every  successful  highw^ay  organization. 
This  work,  originally  supervised  by  Bureau  personnel,  progressed  so  well  that  it 
was  turned  over  to  Philippine  supervision  with  only  occasional  assistance  from 
Public  Roads  engineers.  The  Philippine  organization  is  now  self-sufficient  and 
is  doing  a  good  job. 

A  like  condition  prevails  in  the  physical  research  laboratory  established  to 
test  road  materials  and  to  train  Philippine  personnel  in  research  methods. 
This  laboratory  was  established  and  equipped  under  direction  of  Bureau  per- 
sonnel but  is  now  being  operated  by  Filipino  engineers  with  very  little  technical 
assistance  from  Public  Roads.  Additional  equipment  was  purchased  during  the 
year  to  complete  the  laboratory  facilities,  making  at  the  only  fully  equipped 
road  materials  testing  laboratory  in  the  Far  East. 

The  trainee  program  continued  both  in  the  States  and  in  the  field.  All  of  the 
first  group  of  ten  sent  to  the  United  States  for  training  have  returned  to  the 
islands,  and  the  eight  men  from  the  Highway  Division  of  the  Philippine  Govern- 
ment have  been  placed  in  responsible  positions  where  they  can  utilize  the  train- 
ing they  received.  For  example,  the  highway  planning  survey  and  the  materials 
laboratory  are  both  headed  by  men  from  the  group.  Others  are  being  used  as 
office  engineers,  design  engineers,  and  district  engineers.  Training  in  the  field 
consisted  of  on-the-job  training  given  to  Philippine  inspectors,  laboratory  work- 
ers, etc.,  by  the  supervisory  personnel  of  the  Bureau  of  Public  Roads. 

Motor-vehicle  registrations  continued  to  increase  in  the  Philippines,  as  well 
as  miles  traveled,  so  that  traffic  counts  were  correspondingly  higher  throughout 
the  year.  In  Manila,  where  approximately  75  percent  of  all  vehicles  in  the 
islands  are  concentrated,  traffic  on  many  streets  is  running  over  45,000  vehicles 
per  day,  with  two  major  arteries  carrying  over  55,000  and  one  central  plaza 
serving  over  72,000.  Since  traffic  in  the  Philippines  is  largely  commercial,  the 
improvement  and  i-econstruction  of  highway  facilities  greatly  aid  the  rehabili- 
tation of  Philippine  economy. 

Aid   to   Turkey   in  Highway  Improvement 

In  1947,  at  the  request  of  the  Turkish  Government,  the  Bureau  of  Public 
Roads  established  a  division  offce  in  Turkey  to  aid  that  country  in  the  prepara- 
tion of  a  program  of  highway  improvement,  to  advise  in  the  staffing  of  a  high- 
way organization,  and  to  assist  in  the  training  of  personnel  at  all  levels  in  the 
administration,  construction,  and  maintenance  of  a  national  highway  system. 
These  activities  were  continued  during  the  year. 

Initial  authorization  and  aid  for  the  carrying  out  of  this  highway  program 
and  for  the  procuiement  t)f  equipment  was  made  possible  by  the  allocation  of 
$5  million  of  the  funds  authorized  for  assistance  to  Greece  and  Turkey  by  Public 
LaAv  No.  75,  Eightieth  Congress,  in  response  to  the  Turkish  Government's  ex- 
pressed desire  to  benefit  from  the  experience  of  the  Bureau  in  methods  developed 
in  the  United  States. 

In  April  1949,  the  Bureau  was  requested  to  continue  to  advise  and  instruct 
Turkish  personnel  in  the  highway  program,  and  to  procure  additional  equip- 
ment. The  Economic  Cooperation  Administration  made  a  loan  of  $5  million 
to  the  Turkish  Government  for  financing  such  assistance.  In  the  fiscal  year 
1950  the  loan  of  funds  was  increased  in  the  amount  of  $9  million. 

The  quantity  of  road  construction  and  maintenance  equipment  acquired  by 
the  Turkish  Government  under  this  program  has  required  careful  planning  for 
the  construction  of  repair  and  service  shops  and  for  the  training  of  machine 
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(ipci'iilors  Jind  iiifrliiiiiics.  At  llif  shut  n|'  this  wmk  tinTc  were  jiIuidsI  m. 
skilled  iii(>cli:iiiics  or  opcijitdrs.  Tlic  cxlciisivc  1  raining  <'<>urs('S  l.cKHii  JiL  oih-c 
;it  the  Isk<Mi(lcniri  (lt'|)n|  jtrodin-cd  over  <i()()  skilU'd  iii;icliiin'  (iin'rators,  Inick 
(IriN'crs,  iii('cii;iiii(S,  iind  rfiinii'incn  in  (lie  lirsl  .\'c;ir  nf  (i|k'|-:iI  inn.  ;iiiil  .-i  t<il;il 
of  l.'ino  iiicii  lime  iKiW  lict'ii  tr;iiiM'il  ;il  lliis  dcput.  I>iii-iii;i  this  iiiili:il  pcrind 
:i  di\isiiiii  sii(i|)  \\;is  (■(iiMiilclcd  ;il  .\Mk;ir;i  ;iiid  r(iii>l  iiic-i  inn  (if  tlir  nllifi'  mki.Jipi- 
fcpnii"  shops  was  bc.min.  As  llirsc  shops  wcir  coniplt'liMl  Ihov  wore  staflVd  with 
lucrliaiiics  and  rcpainnm  trained  at  Iskeiidenin  and  with  otiier  trainees  for 
()U-lhe-J()l)  Iraiiiiii;;'. 

At  the  same  time,  the  macliine  operators  trained  at  Isi<endernn  weie  put  to 
work  on  highway  impro\'ement  jobs.  Usnally.  ea<li  trained  operator  inst  laieted 
a  trainee.  Thus.  ,i;ra<lually.  tlie  traininf^  of  meciianics  and  e(inipmenl  operators 
has  heen  eonverled  Trom  class-room   inst  rtietioii  to  on-tlie-jo|»  training'. 

It  has  jieen  necessary  to  construct  and  e((ui])  division  and  distriet  repair 
shoiis.  'There  are  now  (i  dixision  shojis  in  full  operation  and  I  more  are  hein;^ 
coniplelt'd.  In  addition,  there  are  ll»  district  shoi)s  comi)leted  and  icady  for 
the  instullatlou  of  equipment  iuul  staff. 

In  1!».5(),  the  Turkish  Government  established  a  (Jeneral  Directorate  of  IIi{?li- 
ways  within  the  Ministry  of  Public  Works.  This  directoi'ate  has  nmch  more 
authority  and  responsibility  in  highway  improvement  than  did  the  former 
Department  of  Roads  and  l>ridges.  Collection  of  a  fuel  tax  and  assiginnent  of 
all  of  the  revenue  for  highway  construction  on  a  continuing  basis  are  most 
important  steps  forward. 

Staffing  of  the  General  Directorate  of  Highways  presented  i)roblems  because 
of  the  lack  of  exixirienced  personnel.  Gradually,  through  the  close  cooperation 
of  the  Bureau  staff  and  the  engineers  of  the  Ministry  of  Pul)lic  Works,  an 
organization  is  being  evolved  that  wmU  be  effective.  The  day-to-day  cooperation 
of  the  Turkish  and  American  engineers  results  in  tlie  quick  solution  of  prob- 
lems as  they  arise. 

Turkish  engineers  made  extensive  studies  of  the  physical  suflBciency  of  the 
present  highway  transportation  system.  Tonnage  of  freight  hauled  by  trucks, 
and  passengers  carried  by  trucks  and  busses,  w'ere  determined  for  all  routes. 
The  origin  and  destination  of  all  for-hire  vehicles  were  determined  and  com- 
modities carried  were  classified. 

An  inventory  of  the  national  highway  system  made  possible  the  drafting  of 
road  maps  of  the  63  provinces.  Turkey's  tirst  road  map  for  tourists  was 
issued. 

New  types  of  bridges  introduced  by  the  Bureau's  bridge  engineer  resulted  in 
savings  in  time  and  money  on  bridge  construction.  Ileorganization  of  the 
bridge  division  of  the  Turkish  Directorate  of  Highw^ays  and  changes  in  its 
design  practices  will  result  in  more  efficient  work. 

Extensive  .improvements  have  been  accomplished  in  Turkey,  although  con- 
struction work  is  difficult  because  of  the  generally  mountainous  terrain.  It  is 
now  possible  to  travel  over  many  of  the  main  highways  at  all  seasons  of  the 
year.  Stone  surface  courses  and  the  plowing  of  snow  in  the  winter  eliminated 
the  isolation  of  villages  and  towns  that  previously  had  often  existed  for  months 
at  a  time.  I'rior  to  1949,  it  took  at  least  one  full  day  to  travel  from  Ankara 
to  Konya.  In  times  of  rain,  2  to  3  days  were  not  unusual  for  the  156-mile 
trip.  Today,  because  of  improvements  completed  in  1949,  the  trip  can  be 
made  in  any  weather  in  4  hours.  The  completed  road  is  not  elaborate,  but 
the  benefits  of  the  gravel  surface  have  been  reflected  in  reductions  in  bus  and 
truck  rates  up  to  75  percent.  The  2So-miIe  trip  from  Ankara  to  Istanbul  can 
be  made  today  in  10  hours,  rather  than  16.  Similar  time  savings  are  possible 
in  many  other  places. 
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In  1947,  practically  all  highway  maintenance  was  done  by  the  simplest  hand 
methods.  Machinery  was  not  used.  At  the  end  of  the  fiscal  year  there  were 
over  4,500  miles  of  national  highway  maintained  with  trucks,  motor  graders, 
asphalt  repair  outfits,  and  other  modern  equipment.  Modern  methods  of  high- 
way maintenance,  by  the  use  of  machines  designed  for  the  work,  rapidly  replaced 
the  inadequate  hand  methods.  Maintenance  forces  were  trained  to  accept  and 
use  the  new  equipment  and  methods  available.  These  forces  made  important 
road  improvements  where  the  quantities  of  work  did  not  warrant  contract 
construction. 

Several  major  construction  jobs  were  begun.  This  work  will  open  new  routes 
to  highway  transportation  and  will  give  tremendous  benefits  to  the  over-all 
economy  of  Turkey. 

The  General  Directorate  of  Highways  has,  with  the  advice  of  the  Bureau 
representatives,  created  a  nev*'  division  of  highway  design.  Heretofore,  plans 
were  prepared  by  construction  contractors.  At  the  end  of  the  fiscal  year  33 
survey  parties  were  in  the  field  and  35  surveys  totaling  over  1,000  miles  had  been 
completed.  The  designs  for  11  contract  projects,  330  miles  in  total  length,  and 
for  23  betterment  projects,  were  completed  and  approved  by  the  Directorate  of 
Highways  and  by  the  Bureau.  Specifications  for  construction  were  also 
completed. 

The  central  and  field  organization  of  the  General  Directorate  is  similar  to 
that  of  a  large  State  highway  department.  The  organization  is  capable  of  doing 
any  work  necessary  to  improve  and  maintain  highway  transportation  facilities. 

Foreign   Visitors 

Nearly  200  highway  officials  and  engineers  from  30  foreign  countries  visited 
the  headquarters  of  the  Bureau  during  the  year  to  obtain  information,  special 
training,  or  to  attend  one  of  the  two  highway  engineering  courses  conducted 
during  the  year.  The  first  of  these  courses,  which  started  in  May  of  1949  and 
ended  in  early  September,  was  described  in  the  previous  annual  report. 

The  second  course  started  on  May  15,  1950,  and  will  end  in  early  September. 
A  total  of  55  delegates  from  18  countries  was  enrolled  for  the  16-week  course, 
which  was  divided  into  five  parts.  On  arrival  in  Washington  the  visitors  were 
given  a  course  of  lectures  for  2  weeks  as  an  introduction  and  orientation  period. 
This  was  followed  by  a  3-week  bus  trip  in  which  all  delegates  inspected  highway 
construction  and  maintenance  practices.  At  the  end  of  the  fiscal  year  the  partici- 
pants had  returned  to  Washington  and  were  attending  lectures  and  making  studies 
sc  arranged  that  each  individual  could  select  and  pursue  subjects  of  particular  in- 
terest to  him.  Following  this  period  the  party  was  to  break  up  into  small  groups 
for  a  5-week  field  trip  for  detailed  studies  of  highway  practices  in  selected  States. 
The  course  will  be  concluded  with  a  1-week  period  in  Washington  for  review  and 
formal  closing  of  the  course. 

The  President's  Highway  Safety  Conference 

The  Bureau  continued  to  aid  in  the  important  work  of  the  President's  Highway 
Safety  Conference  by  supplying  staff,  technical  assistance,  facilities,  and  other 
help.  The  Commissioner  of  Public  Roads  directed  the  major  session  of  the  con- 
ference during  the  fiscal  year,  a  meeting  of  the  committee  on  conference  re- 
ports which  is  composed  in  the  main  of  official  State  representatives.  Individ- 
ually and  through  their  organization,  the  Governors'  Conference,  the  Governors 
of  the  States  gave  the  traffic  safety  movement  strong  support  during  the  fiscal 
year. 
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Due  ti)  the  t  I'ciiiriMlniis  iiici-cjisc  in  liijiliwii.v  trallic,  I'lnm  less  lliiiii  !:.")(»  Iiillioii 
vcliiclc-inilcs  in  IDI."  to  iiKHf  lliiin  llil  liillioii  in  1!J4'.>,  liic  liiKiiway  accidcnl,  i)r<)l>- 
l(>in  remained  crilieal.  Thi;  eont'cicnic  j^mvc  si»ecial  coiisideralion  to  1h(^  threat 
that  for  the  first  time  in  the4-.vear  liisloiy  of  llir  action  i.ro-iani  Imi-  iraflie  safety, 
tlie  annual  increase  in  trnflic  dcallis  oiilsidi'  of  cjljos  may  nioir  tiian  offscit  the 
annual  decline  in  url)an  ci'iilcrs. 

r.ecause  the  action  i)ro;;rani  lias  demoiisl  lad'd  its  soiindiirss  in  iii-i'veiitin«  ac- 
cidents, the  conference  Is  placing;  rtMiewcd  cniidiasis  on  I  he  (•i)nlr(d  of  traffic 
on  roads  in  riiraj  ai-eas.  Aiiplical  ion  of  the  action  proj^ram  is  also  Ikmii}^ 
strengthened  in  all  ti'atlic  situations.  Tlio  sonndness  of  the  i)ro«ram  is  meas- 
ured by  the  decline  in  the  nioidr-vrhiclc  dfalli  rate  fi'oni  11  .•".  deaths  |)ci-  100 
million  vehicle-miles  of  travel  in  V.)4r>,  the  year  lu-evious  to  Ihi'  inception  ni.  the 
program,  to  7.4  in  1949. 

The  National  Committee  on  rniform  Ti-aflic  Laws  and  C)rdinances,  with  winch 
the  Bureau  has  cooperated  for  lu.-my  years,  Joined  the  President's  Highway 
Safety  Conference  during  the  fiscal  year  as  one  of  its  four  natioiiiil  committees. 
The  otliers  are  the  State  and  Local  Officials'  National  Highway  Safety  Commit- 
tee, the  National  Committee  for  Traffic  Safety  (composed  of  s.~)  unofficial  groups), 
and  the  Federal  Conunittee  on  Highway  Safety. 

The  conference  published  revised  editions  of  its  technical  reports  on  the  eight 
aspects  of  the  traffic  safety  problem,  reissued  the  Action  Froyram,  and  issued  the 
1949-50  Inventory  and  Guide  for  Action. 

The   Inter-American   Highway 

The  Inter-American  Higliway  is  that  section  of  the  I'an  American  Highway 
which  extends  from  Nuevo  Laredo  on  our  INIexican  liorder  to  Panama  City,  a  dis- 
tance of  approximately  3,200  miles. 

Since  1930  the  United  States,  through  the  Bureau  of  Public  Roads,  has  assisted 
the  Republics  of  Guatemala,  El  Salvador,  Honduras,  Nicaragua,  Costa  Rica,  and 
Panama  in  the  construction  of  the  Inter-American  Highway.  The  section  of  the 
highway  in  Mexico  has  been  financed  and  constructed  entirely  by  Mexico. 

The  Inter-American  Highway  is  not  passable  by  motor  vehicles  over  its  entire 
length.  In  Mexico  it  is  open  and  in  excellent  condition  over  all  of  the  distance 
from  the  United  States  to  Guatemala,  but  in  nt>rtliwesteru  Guatemala,  begin- 
ning at  the  Mexican  border,  there  is  a  gap  of  25  miles  which  is  still  impassable. 
In  northern  Costa  Rica  there  is  also  a  gap  of  about  65  miles  and  in  southern 
Costa  Rica  and  western  Panama  there  is  another  gap  of  about  150  miles,  both 
of  which  are  impassable. 

Among  those  sections  that  are  considered  passable  there  are  many  which  still 
need  improving  because  of  inadequate  surfaces,  sharp  turns,  steep  grades,  and 
narrow  roadway.  However,  there  are  many  miles  of  good  modern  highway.  At 
present  61  percent  of  the  highway  is  paved.  Another  30  percent  is  passable  at  all 
times,  1  percent  is  passable  only  in  dry  weather,  and  only  S  percent  is  impassable 
at  all  times. 

During  the  year  Mexico  opened  the  Inter-American  Highway  to  the  Guate- 
mala border.  All  of  the  Mexican  section  is  well  designed  and  well  paved  except 
for  about  170  miles  near  the  Guatemala  border.  This  latter  portion  of  the 
highway  is  usable  at  all  times  as  it  has  a  good  macadam  surface. 

On  the  Central  American  section  lack  of  funds  has  reduced  the  rate  of  con- 
struction during  the  past  year. 

In  Guatemala  no  new  projects  were  started  and  construction  lias  proceeded 
at  a  somewhat  slower  rate  on  those  which  were  previously  under  way.     To  a 
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considerable  extent  this  was  clue  to  the  fact  that  the  Government  of  Guatemala 
felt  it  necessary  to  remove  a  large  amount  of  equipment  which  was  working 
on  the  Inter-American  Highway  for  use  in  rehabilitating  other  highways  which 
were  seriously  damaged  by  the  disastrous  floods  in  September  and  October. 
Very  little  damage  was  done  to  tlie  Inter-American  Highway  by  these  floods. 

In  El  Salvador  no  work  except  maintenance  was  done.  The  highway  in 
El  Salvador  is  in  good  condition  for  its  entire  length  and  the  only  work  re- 
maining to  complete  it  is  the  paving  of  about  25  miles. 

In  Honduras  no  work  was  done  except  maintenance. 

In  Nicaragua  the  paving  of  the  section  from  Sebaco  to  Matagalpa  was  com- 
pleted and  the  section  from  Jinotepe  to  Rivas  was  approximately  40  percent 
complete.  One  bridge  was  included  in  the  work  completed.  No  new  projects 
were  started. 

In  Costa  Rica  the  only  work  done  was  removal  of  slides  and  operations 
to  protect  improvements  already  made. 

In  Panama  an  aerial  survey  was  made  between  Concepcion  and  the  Costa 
Rica  border  and  plans  were  made  for  an  aerial  survey  of  a  possible  relocation 
of  the  highway  between  Remedios  and  Santiago. 

Projects  other  than  the  Inter-American  Highway 

Two  engineers  of  the  Bureau  of  Public  Roads  continued  assistance  to  the 
Government  of  El  Salvador  in  the  construction  of  the  Lempa  River  Bridge  at 
San  Marcos. 

Assistance  was  continued  to  the  Government  of  Ecuador  in  the  construction  of 
the  Pan  American  Highway  between  Guamote  and  Tambo  and  in  preparing 
plans  and  specifications  for  a  highway  between  Manta  and  Quevado. 

During  the  year  plans  were  made  to  send  an  engineer  to  Colombia  at  the 
request  of  the  State  of  Cundinamarca  to  assist  in  the  planning  and  construc- 
tion of  a  state  system  of  highways. 

In  the  autumn  of  1949  the  Government  of  Peru  made  a  request  through  our 
Department  of  State  for  a  variety  of  assistance  in  connection  with  the  reor- 
ganization of  its  National  Highway  Department,  the  systematic  financing  of  a 
highway  program,  the  selection  and  purchase  of  equipment — both  for  maintenance 
and  for  construction — tlie  improvement  of  existing  repair  shops,  the  upkeep  and 
care  of  equipment,  and  field  instruction  in  the  operation  and  use  of  equip- 
ment in  actual  work  on  the  roads.  In  addition,  and  contingent  on  funds  becom- 
ing available,  a  priority  program  for  the  further  extension  of  the  highway 
system  and  new  construction  was  contemplated. 

To  meet  this  broad  request  an  extended  preliminary  study  was  made,  fol- 
lowing which  appropriately  experienced  engineers  from  the  Bureau  were  as- 
signed to  take  up  in  logical  order  the  several  elements  of  the  work  contemplated. 

At  the  end  of  the  fiscal  year,  three  engineers  were  on  the  ground  and  work 
had  developed  to  a  point  where  it  appeared  probable  that  the  project  of  as- 
sistance would  require  three  or  four  men  continuously.  Arrangement  had 
been  made  for  a  head  of  mission  to  remain  in  Peru  and  give  general  directions 
to  the  several  lines  of  instruction  and  assistance,  and  to  cooperate  with  two 
other  United  States  missions  already  operating  in  Peru  to  extend  and  improve 
agricultural  production  and  readjust  national  finances. 

Assistance  is  given  Peru  under  a  joint  agreement  which  provides  for  pay- 
ment of  salaries  and  transportation  to  and  from  Peru  by  the  Bureau  and  the 
payment  of  all  local  expenses  and  maintenance  of  the  mission  in  Peru  by  that 
Government.  The  mission  was  actively  at  work  at  the  close  of  the  fiscal  year 
and  will  probably  remain  in  Peru  for  the  greater  part  of  the  following  year. 
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Highway  Needs  Studies 

The  attention  of  the  Bureau  of  Public  lloutls  and  the  States  continues  to  be 
focused  on  State-wide  highway  needs  studies,  in  efforts  to  solve  the  problems 
created  by  the  ever-increasing  usage  of  roads  and  streets  by  all  classes  of 
motor  vehicles. 

Sound  highway  policy  and  management  require:  (1)  the  establishment  of 
road  and  street  systems  according  to  the  function  they  perform,  and  the  (ietei'ini- 
nation  of  the  cost  of  owning  and  operating  each  system,  (2)  a  plan  for  equitable 
distribution  of  costs  among  highway  users  and  general  taxpayers,  (3)  alloca- 
tion of  authority  and  financial  responsibility  among  the  several  levels  of  gov- 
ernment, and  (4)  a  plan  for  the  regulation  of  highway  use  to  protect  users 
and  obtain  maximum  service. 

The  highway  planning  surveys,  conducted  by  the  States  in  cooperation  witb 
the  Bureau,  were  undertaken  primarily  to  determine  what  should  be  done  to 
provide  facilities  that  will  be  adequate  for  present  and  probable  future  traffic 
needs,  what  the  financial  requirements  are  for  carrying  out  such  a  program, 
and  how  the  needed  funds  can  be  raised.  Since  1946  nearly  half  of  the  States 
have  initiated  some  action  in  connection  with  the  first  two  objectives.  To  date, 
13  States  have  published  reports  on  their  findings,  of  which  three — Idaho, 
Mississippi,  and  New  York — were  completed  during  the  past  year.  At  present, 
studies  are  nearing  completion  in  Colorado,  Ohio,  and  Pennsylvania.  The  last 
of  the  three  planning  survey  objectives,  that  of  how  the  needed  funds  are  to 
be  raised,  is  currently  the  concern  of  special  committees  appointed  by  the 
legislature  or  by  the  governor,  or  otherwise  created,  in  a  number  of  States. 

Most  of  the  committees  Include  in  their  membership  representatives  of  road- 
building  and  road-user  groups,  as  well  as  public  oflacials.  The  bulk  of  the 
basic  information  required  for  consideration  by  these  various  committees  is 
already  on  hand  in  the  results  of  the  highway  planning  surveys.  The  findings 
of  these  planning  surveys  relating  to  traffic  movement  and  vehicle  operations, 
forecasts  of  future  traffic  growth,  forecasts  of  revenues  for  highway  purposes, 
and  equitable  practices  with  respect  to  highway  finance  and  taxation,  were 
applied  extensively  in  these  needs  studies.  Applications  were  made  in  deter- 
mining where  improvements  are  required  at  the  present  time  and  will  be  required 
in  the  future  on  the  various  highway  systems,  design  standards  necessary  for 
safe  and  economical  transport  service,  programs  of  construction  priorities,  and 
rational  means  of  financing  a  program. 

The  value  of  these  studies  is  continually  being  demonstrated  in  the  several 
States  through  enactment  of  progressive  legislation  based  upon  the  recommenda- 
tions and  findings  in  these  reports. 

The  Bureau  of  Public  Roads  makes  a  major  contribution  to  these  highway 
needs  studies  by  granting  technical,  administrative,  and  financial  assistance  to 
the  States  and  to  the  committees  on  various  phases  of  this  work.  Most  of  the 
activities  described  in  the  following  pages  under  the  headings  of  highway  trans- 
port research  and  financial  and  administrative  research  have  application  in  the 
highway  planning  and  needs  studies. 

Highway  Transport  Research 

Activity  in  highway  transport  research  is  conducted  by  the  Bureau's  head- 
quarters organization  and  also  in  cooperation  with  the  States  as  Federal-aid 
projects. 
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Road  inventory  and  mapping 

Of  the  36  States  and  Puerto  Rico  engaged  in  revising  their  inventory  records 
of  rural  roads,  ,bridges,  and  roadside  features,  5  States  completed  this  vs^ork 
during  the  year.  The  parallel  program  of  revising  highvi^ay  maps  to  shovp 
current  conditions  resulted  in  the  complete  redrafting  or  revision  of  maps  for 
266  counties  in  30  States.  In  addition  to  the  usual  features  covered  in  an  in- 
ventory of  highvpays,  sight-distance  conditions  on  main  highways  were  studied 
in  7  States. 

The  inventory  of  city  streets  started  in  recent  years  produced  data  and  maps 
for  850  cities  and  other  incorporated  places.  This  program  is  confined  to  ai'eas 
where  adequate  city  maps  are  not  available. 

Traffic  volumes 

There  was  a  further  expansion  in  the  counting  of  traffic  on  rural  roads 
beyond  that  reported  in  1949.  Continuous-count  automatic  traffic  recorders  were 
increased  by  76,  bringing  the  total  number  in  operation  up  to  900.  Extensive 
traffic  surveys  were  made  on  primary  roads  in  practically  all  States,  and  in  24 
States  this  work  was  extended  to  include  local  roads.  In  the  calendar  year 
1949,  traffic  on  rural  roads  reached  an  all-time  high,  being  9  percent  higher  than 
in  1948. 

Additional  automatic  traffic  recorders  were  operated  in  22  cities.  It  was 
estimated  that  urban  automobile  traffic  in  1949  was  7  percent  above  that  of  the 
previous  year. 

Truck  weights 

The  size  of  loads  and  tonnage  transported  by  trucks  is  of  interest  in  deter- 
mining the  transport  service  rendered  by  trucks  and  is  of  fundamental  importance 
in  regulating  gross  loads  and  axle  loads  to  prevent  damage  to  roads  and  bridges. 

Truck  weighings  to  determine  trends  in  axle  loads  and  gross  loads,  which 
have  been  made  each  summer  beginning  in  1942,  were  continued  at  562  stations 
in  46  States.  In  addition,  more  extensive  weighings  with  portable  scales  (loado- 
meters)  at  a  larger  number  of  stations,  operated  in  different  seasons  and  at 
different  hours  of  the  day,  were  undertaken  in  a  few  States.  Data  from  the 
expanded  operations  will  permit  a  more  direct  computation  of  ton-mileage 
hauled  by  trucks  in  the  particular  States  and  will  give  a  check  on  the  ton- 
mileage  that  has  been  estimated  from  year  to  year,  on  the  basis  of  trends,  since 
the  comprehensive  prewar  surveys  were  made. 

Average  weights  in  1949  were  found  to  be  slightly  greater  than  in  previous 
years.  The  average  load  carried  by  all  trucks  and  combinations  was  5.11  tons 
in  1949,  compared  to  5.02  tons  in  1948.  Because  of  this  heavier  loading,  the 
ton-mileage  in  1949  increased  7  percent  over  that  of  1948,  while  the  truck 
vehicle-mileage  increased  only  5  percent. 

On  the  other  hand,  the  frequency  of  heavy  axle  loads  was  slightly  less  in 
1949  than  in  1948.  For  example,  axle  loads  of  20,000  pounds  or  more  amounted 
to  39  per  1,000  vehicles  in  1949,  compared  to  44  per  1,000  in  1948.  The  legal 
limit  in  most  States  is  18,000  pounds.  This  is  the  first  year  since  the  data  have 
been  available  that  the  frequency  of  heavy  axle  loads  has  not  increased.  Pos- 
sibly the  findings  of  previous  years,  which  showed  the  frequency  of  heavy  loads 
on  pavements  to  be  increasing  at  an  alarming  rate,  has  resulted  in  better  en- 
forcement of  State  laws. 

However,  the  situation  is  still  serious.  It  is  well  known  that  many  sections  of 
main  highways  have  deteriorated  at  an  alarming  rate  and  that  such  deteriora- 
tion generally  occurs  where  there  is  more  than  average  frequency  of  heavy 
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loads.  An  extensive  study  has  been  initiated  to  obtain  more  oompreliensive 
information  on  the  subject.  Tins  work  involves  the  expansion  of  the  weif^liin;^ 
operations  to  cover  all  hours  of  the  day  and  all  seasons  of  the  year,  a  study  of 
pavement  and  subgrade  types  and  condition,  and  correlation  of  the  frequency 
of  application  of  heavy  loads  with  pavement  damage  under  varying  circumstances 
of  subgrade  and  pavement  design. 

City  surveys 

With  the  continuing  increase  in  traflic  and  congestion  on  artei-ial  streets,  there 
is  greater  need  for  travel  data  in  urban  areas.  Comprehensive  metropolitan- 
area  transportation  studies  of  the  type  described  in  previous  annual  reports  are 
either  under  way  or  have  been  completed  in  85  metropolitan  areas  in  33  States. 
Eight  of  these  studies  were  started  during  the  fiscal  year. 

Data  collected  provide  information  concerning  the  origins  and  destiiuitions 
of  traflac  and  other  facts  essential  in  the  location  and  design  of  new  arterial 
routes.  In  addition  to  these  uses,  the  data  are  analyzed  for  significant  facts 
relative  to  highway  transportation  in  general.  For  example,  fi-om  a  study  of  the 
travel  data  collected  in  38  cities,  involving  more  than  17  million  trips,  it  has 
been  found  that  34  percent  of  the  trips  were  made  by  mass  transit  while  the 
remaining  66  percent  were  made  in  private  automobiles  and  taxis. 

Tills  year  a  new  study  of  travel  on  superior  arterial  routes  in  urban  areas  has 
been  initiated  with  the  following  purposes  in  mind : 

1.  To  determine  the  amount  of  traffic,  under  different  circumstances,  that  will 
be  diverted  from  existing  roads  and  streets  to  a  new  arterial  route  which  pro- 
vides improved  travel  conditions. 

2.  To  determine  the  amount  of  travel  that  is  generated  by  a  newly  constructed 
or  improved  route.  It  is  definitely  known  that  a  new  route  generates  a  certain 
amount  of  travel  that  did  not  occur  before  the  improvement  was  placed  in 
service,  but  the  relative  amount  of  increase  has  been  unknown. 

3.  To  develop  a  reliable  basis  for  estimating  the  volume  of  traflic  which  may 
be  expected  to  use  new  routes  on  locations  where  previously  no  facility  existed. 

To  achieve  these  purposes  it  is  necessary  to  obtain  the  origins  and  destinations 
of  vehicle  operators  using  existing  arterial  routes  that  offer  superior  driving 
conditions  and,  in  addition,  to  conduct  "before-and-after"  origin  and  desti- 
nation studies  in  areas  where  new  routes  are  being  constructed.  The  necessary 
data  are  collected  by  stopping  and  interviewing  a  representative  sample  of  the 
drivers.  Definite  plans  for  research  of  this  nature  were  made  in  10  cities  and 
work  was  contemplated  in  several  more.  Actual  field  operations  began  in  three 
cities. 

The  Bureau,  in  its  studies  of  urban  traffic  patterns,  has  found  that  the  in- 
creased use  of  motor  vehicles  is  rapidly  changing  the  social-economic  pattern 
of  our  urban  areas.  As  part  of  its  responsibility  in  planning  urban  routes, 
specialized  studies  were  begun  to  determine  and  measure  changes  in  expanding 
suburban  areas.  These  studies,  when  correlated  to  land-use  characteristics,  will 
provide  procedures  and  criteria  to  assist  in  the  long-range  plans  and  programs 
for  urban  highway  systems.  Studies  were  initiated  (1)  to  estimate  tlie  volume, 
characteristics,  and  length  of  work  trips  from  large  multiple  housing  projects ; 
(2)  to  analyze  the  effect  upon  employee  travel  where  large  employment  centers 
are  relocated  from  urban  to  suburban  locations  ;  and  (3)  to  measure  and  correlate 
the  attraction  of  traffic  by  the  central  business  district  and  suburban  commercial 
centers,  with  respect  to  purpose  of  trips,  mode  of  travel,  and  area  from  which 
drawn. 
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On  the  basic  premise  tliat  one  of  tlie  major  factors  affecting  urban  traffic  is 
the  generative  natu.re  of  cities'  individnal  and  collective  land  uses,  the  Bureau, 
in  cooperation  w^ith  the  Institute  for  Urban  Land  Use  and  Housing  Studies  of 
Columbia  University,  is  conducting  an  exploratory  study  in  Philadelphia.  The 
purpose  is  to  formulate  and  test  methods  for  obtaining  data  pertaining  to  move- 
ments of  persons  and  goods  in  relation  to  various  kinds,  locations,  and  charac- 
teristics of  urban  land  uses,  which  will  aid  in  the  evaluation  of  highway 
requirements  for  such  movements. 

Parking  and  terminal  facilities 

Comprehensive  studies  to  measure  parking  needs  accurately  have  now  been 
made  or  are  under  way  in  62  cities  in  29  States  in  cooperation  with  State  highway 
departments  and  city  authorities.  With  the  tremendous  postwar  increases  in 
traffic  volumes  there  has  come  an  increasing  realization  in  the  cities  of  the 
necessity  for  terminal  facilities  as  an  aid  in  relieving  congestion.  While  this 
has  long  been  evident,  action  programs  for  parking  have  lagged  behind  other 
traffic  improvement  measures,  largely  because  municipalities  have  not  had  agen- 
cies clearly  charged  with  responsibility.  The  interrelation  of  passenger-car 
storage,  truck-freight  handling,  and  traffic  movement  have  now  become  more 
evident,  and  more  and  more  cities  are  recognizing  their  responsibility  by  first 
obtaining  facts  necessary  for  planning  an  improvement  program  and  for  assigning 
definite  responsibility  for  activating  a  program. 

Rural  travel  habits  and  road  usage 

The  problems  of  selection  of  those  local  rural  roads  which  should  be  improved 
and  maintained  in  preference  to  others,  and  of  developing  a  rational  method 
of  financing  such  programs,  have  been  the  subject  of  several  studies  under  way 
during  the  past  fiscal  year. 

In  cooperation  with  the  University  of  Virginia,  the  Virginia  Military  Institute, 
and  the  Virginia  State  Department  of  Highways,  the  Bureau  is  studying  the 
effects  of  the  establishment  of  an  entirely  new  industry  in  an  area  which  previ- 
ously had  been  entirely  rural  in  character.  Highways  are  used  exclusively  for 
transportation  to  this  plant.  Effects  on  the  social  and  economic  patterns  of  living 
will  be  observed  as  well  as  effects  on  travel  habits,  highways,  and  road  structures. 

A  preliminary  report  has  been  prepared  on  usage  of  rural  roads  in  Logan 
County,  Colo.,  where  all  residents  in  rural  areas  were  interviewed.  This  report 
shows  that  all  farms  and  rural  homes  benefit  directly  from  a  system  of  principal 
rural  roads  although  perhaps  a  majority  of  the  homes  do  not  have  direct  access 
to  this  limited  system.  In  Logan  County  about  20  percent  of  the  roads  may  be 
considered  as  principal  roads  and  82  percent  of  all  travel  by  all  rural  residents 
was  on  this  system.  Two  percent  of  the  population  lived  5  miles  or  more  from 
any  route  of  this  system  and  51  percent  of  the  travel  by  this  group  was  on  the 
system.     Thirty-four  percent  of  all  rural  dwellings  was  located  on  the  system. 

The  usage  of  rural  roads  in  providing  distribution  and  collection  route  services 
was  studied  in  two  Maryland  counties.  In  one  county  90  percent  of  all  rural 
mileage  is  used  for  some  kind  of  route  service.  Rural  mail  delivery  routes  cover 
75  percent  of  all  rural  roads,  petroleum  product  deliveries  60  percent,  commer- 
cial milk  collection  51  percent,  and  school-bus  routes  44  percent. 

The  opportunity  presented  by  these  studies  has  been  used  to  obtain  the 
opinion  of  rural  residents  with  respect  to  improvement  of  roads  to  which  they 
have  access  and  to  their  willingness  to  assume  more  financial  responsibility  for 
local  road  improvements.  Approximately  70  percent  of  those  residents  on  roads 
considered  unsatisfactory  indicated  that  they  were  willing  to  pay  for  improving 
those  roads  and  almost  as  many  were  willing  to  do  the  same  thing  for  roads  by 
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the  properly  of  oUioi-s  similarly  situ.'ilcd.  As  uiiKlit  ha  expocled,  those  living 
on  well-improved  i-onds  were  less  iiicliiicd  to  favor  increased  taxes  for  locral  road 
improvement.  Sliyiiliy  more  tliaii  7>(\  ix'iccnl  were  round  lo  hr  willin;;  In  pay 
property  taxes  for  local  I'oad  iniprovenient. 

Toll  roads 

The  (ipcnin.n'  of  a  -iLl-niilc  Inll  lii,i;li\\ay  alnn.i;  llic  co.-i-^l  nf  Maine  I'mni  Killcry 
to  I'ortland  presented  (lie  opporlnnily  Inr  a  sindy  of  llic  cITi'd  <d'  siidi  a  lacilily 
on  tratlic  on  the  parallel  toll-fi'cc  pi'ltlic  hlLiliway  (  api)r"\inia|cl\  ilic  same  lengtli 
as  the  toll  highway). 

Before  the  toll  highway  was  opened,  a  ((inipi-eiiensi ve  ti-aflic  survey,  indudinf? 
origins  and  destinations,  was  made  on  U  S  1,  the  parallel  i-oute.  The  toll  road 
was  opened  to  public  travel  December  1."'.,  lt)47,  and  since  tben  surveys  have  been 
repeated  on  U  S  1  and  on  the  toll  highway,  and  these  surveys  will  be  con- 
tinued into  the  next  tiscal  year.  They  are  being  conducted  in  cooperation  with 
the  Maine  State  Highway  Commission  and  the  officials  of  the  Maine  Turnpike 
Authority.  One  of  the  important  uses  of  surveys  of  this  character  will  be  in 
estimating  traffic  on  toll  roads  proposed  in  the  future.  Similar  studies  are  being 
made  on  the  New  Hampshire  toll  road  and  the  east  and  west  extensions  of  the 
Pennsylvania  Tiirnpike. 

Consideration  was  given  to  a  traffic  study  in  the  area  ad.iacent  to  the  New 
Jersey  Turnpike,  being  built  as  a  toll  road.  Traffic  recorders  were  placed  on 
numerous  highways  where  it  was  anticipated  that  there  would  be  a  change  in 
traffic  volume  and  character  after  the  toll  facility  is  placed  in  operation.  Due 
to  the  heavy  traffic  volumes  in  this  area,  an  origin  and.  destination  survey  was 
not  contemplated,  but  other  research  approaches  to  the  problem  were  considered. 

In  Ohio  the  Bureau  is  cooperating  with  the  State  Department  of  Highways  in 
planning  a  survey  in  the  area  which  may  be  influenced  by  the  toll  highway 
proposed  to  connect  with  the  Pennsylvania  Turnpike. 

Unbalanced  traffic  flow  controls 

Since  traffic  volumes  are  not  usually  balanced  in  both  directions  during  the 
periods  of  heaviest  flow,  losses  in  efficiency  occur  because  one-half  of  the  roadway 
is  overtaxed  while  the  other  half  operates  at  only  partial  capacity.  Three-lane 
and  undivided  four-lane  highways  can  sometimes  be  operated  under  controls 
that  restrict  the  use  of  more  than  half  of  the  lanes  to  vehicles  traveling  in  the 
direction  of  heavier  movement. 

TTie  meager  information  available  on  the  merits  of  unbalanced  flow  control 
led  to  a  before-and-after  type  of  study  in  cooperation  with  the  Virginia  State 
Department  of  High-\vays.  On  the  three-lane  route  selected,  volumes  were  in 
the  ratio  of  SI  to  19  in  the  morning  iteak  hour  and  2.5  to  7.5  in  the  evening  peak 
hour.  Studies  of  the  time  required  to  traverse  the  1.6-mile  three-lane  section, 
the  delay  at  intersections,  and  other  operating  characteristics  were  conducted. 
Following  this,  a  system  of  interconnected  semi-traffic-actuated  signals  was  in- 
stalled at  the  12  intersections  and  operated  with  supervisory  background  cycle 
control.  Each  lane  along  the  route  was  provided  with  its  own  signal  indication, 
and  the  signals  were  operated  so  that  traffic  in  the  direction  of  heavier  travel 
in  the  rush  periods  could  utilize  two  of  the  three  lanes  of  the  roadway.  The 
effects  of  this  unique  method  of  control  are  being  analyzed  to  determine  its 
value  on  congested  sections  of  roadway  where  immediate  relief  tlirdugh  new 
construction  is  not  possible. 

Highway  capacity 

The  results  of  a  comprehensive  analysis  of  a  great  volume  of  data  relating 
to  highway  capacities  obtained  through  the  cooperative  efforts  of  the  Bureau  of 
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Public  Roads,  the  Highway  Research  Board  Committee  on  Highway  Capacity,  and 
many  State,  county,  and  city  engineers  during  the  past  several  years  were  pub- 
lished under  one  cover  as  a  HigMvay  Capacity  Manual.  The  manual  is  a  prac- 
tical guide  with  which  a  new  highway  can  be  designed  or  an  old  one  revamped 
with  assurance  that  the  resulting  actual  capacity  will  be  as  calculated. 

The  information  on  traffic  capacity  under  various  conditions,  particularly  at 
street  intersections,  has  many  applications  in  planning  relief  from  congestion  in 
the  larger  cities.  The  capacity  of  an  entire  street  system  of  a  city  can  be  esti- 
mated with  reasonable  accuracy  and  compared  with  the  existing  or  estimated 
future  demand  to  determine  the  most  feasible  improvements  required,  if  any, 
whether  they  be  changes  in  traffic  control,  widening  of  existing  streets,  construc- 
tion of  new  facilities,  or  a  combination  of  two  or  more  of  these  alternatives. 
Such  an  analysis  was  completed  in  Albuquerque,  N.  Mex.,  with  technical  assist- 
ance from  the  Bureau.     A  similar  study  was  begun  in  Denver,  Colo. 

Motor-vehicle  performance 

The  ability  of  all  types  of  motor  vehicles  to  perform  on  the  highway  must  be 
clearly  defined  before  it  is  possible  to  design  highways  and  regulate  their  use 
with  assurance  of  safe  and  efficient  movement  of  all  traffic.  The  Bureau  has, 
for  many  years,  pioneered  research  in  cooperation  with  various  organizations 
concerned  with  highway  transportation  to  obtain  factual  information  on  the 
several  phases  of  vehicle  performance.  Research  projects  have  been  initiated  to 
determine  for  vehicles  of  various  types  the  hill-climbing,  down-grade,  and  level- 
road  ability  in  terms  of  speed  and  power ;  the  forces  that  oppose  the  motion  of 
motor  vehicles  such  as  air  and  rolling  resistances ;  the  braking  ability  in  terms 
of  stopping  distance ;  the  turning  ability  in  terms  of  off-tracking  or  turning 
width  and  radius  of  curvature;  and  the  direct  operating  costs  of  commercial 
motor  vehicles. 

The  factual  data  being  obtained  are  important  in  the  development  of  highway 
facilities  that  harmonize  with  the  performance  of  vehicles,  in  the  formulation  of 
practical  regulatory  measures  that  will  insure  safety  and  yet  not  work  economic . 
hardships  on  the  operators  of  vehicles,  and  in  the  determination  of  the  proper 
economic  relation  between  the  cost  of  providing  highway  facilities  and  the  cost 
of  operating  the  vehicles  that  use  the  facilities.  The  increasing  importance  of 
commercial  transportation  and  the  heavy  demands  it  imposes  on  existing  and 
new  highway  facilities  have  made  it  necessary  to  give  priority  to  the  study  of 
performance  of  commercial  vehicles.  Work  during  the  fiscal  year  was  largely 
concentrated  on  the  braking  ability  and  the  operating  costs  of  commercial  vehicles. 

Brake  research 

An  extensive  program  of  brake  research  has  been  organized  with  the  advice 
of  an  advisory  committee  composed  of  representatives  of  the  Interstate  Com- 
merce Commission,  the  National  Bureau  of  Standards,  the  Department  of  the 
Army,  and  19  other  agencies  including  the  major  associations  of  highway  offi- 
cials, motor-vehicle  manufacturers,  automotive  parts  and  equipment  manufactur- 
ers, and  motor-vehicle  operators. 

It  has  three  main  phases:  (1)  tests  on  vehicles  in  service,  selected  at  random 
from  the  general  traffic,  (2)  controlled  tests  on  new  commercial  vehicles,  and 
(3)  controlled  tests  on  used  commercial  vehicles. 

The  Bureau  is  responsible  for  the  collection  and  analysis  of  data  for  phases 
1  and  3.  The  Automobile  Manufacturers  Association's  Brake  Technical  Commit- 
tee is  undertaking  the  phase  2  tests,  using  test  procedures  adopted  in  the  Bureau's 
research  program.  The  data  obtained  by  the  Association  will  be  correlated  with 
the  results  of  tests  from  phases  1  and  3. 
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The  field  work  on  phase  1  has  been  compU'ted.  Some  1,2(K)  vehicles,  irieliidiriK 
about  3fH)  passeii.ner  cars,  have  been  tesfeil  at  locations  in  Maryhuid,  .Michigan, 
and  California.  Phase  3  tests  have  been  conducted  with  the  assistance  of  23 
operators  on  the  West  Coast,  9  operators  in  the  southeastern  area  of  the  country, 
and  7  operators  in  the  eastern  area  of  the  country,  and  will  be  conducted  with  7 
operators  in  the  Middle  West.  The  field  work  will  be  coinplcied  by  October 
1950,  and  a  report  will  then  be  prepared. 

Operating  cost  research 

After  more  tlian  a  year  and  a  half  of  study  and  analysis,  a  conipi'eliensivc 
report  on  the  gasoline  consumption  and  travel  time  of  commercial  vehicles  was 
pi'epared  and  reported  to  the  Highway  Research  Board.  The  report  discussed 
the  actual  operation  of  seven  heavy  commercial  vehicles  with  gross  vehicle 
weights  varying  from  20,000  to  140,000  pounds,  over  sections  of  higliway  with 
various  grade  cliaracteristics. 

The  findings  make  it  possible  to  c(tnipute  the  travel  time  and  g.isoliiic  consuiiip- 
lion  of  a  vehicle  of  given  power  with  a  given  load  when  the  rise  and  fall  and 
length  of  the  highway  to  be  used  are  known.  Determinations  may  be  made  for 
a  highway  of  any  length  without  considering  each  individual  grade  separately. 

The  report  is  a  definite  contribution  toward  the  solution  of  the  economic  prob- 
lem of  motor-vehicle  size  and  weight.  Studies  to  determine  the  other  segments 
of  vehicle  operating  costs  (maintenance,  tires,  overhead,  etc.)  are  being  initiated. 

Accident  studies 

Highway  conditions  that  are  conducive  to  accidents  have  always  been  of  con- 
cern  to  engineers.  The  Bureau  joined  with  the  National  Safety  Council  about 
o  years  ago  in  devising  and  applying  a  research  technique  for  study  of  this  prob- 
lem. Approximately  15  States  cooperated  in  the  undertaking,  and  tentative 
findings  were  reported  late  in  1946.  Since  that  time  certain  additional  data 
have  been  assembled  by  the  States,  and  active  work  has  been  resumed  on  the 
analysis  of  the  total  information  now  at  hand. 

The  earlier  findings  indicated  that  isolated  curves  of  only  moderate  sharpness 
were  several  times  more  hazardous  than  curves  of  the  same  sharpness  that  were 
part  of  a  generally  winding  alinement.  Other  data  were  developed  to  show  the 
effect  of  trafiic  volume  on  accident  frequency  on  various  types  of  highways,  and 
the  accident  frequency  for  various  surface  widths,  structure  widths,  and  inter- 
section types.  Corroboration  and  expansion  of  the  preliminary  findings  will  pro- 
vide important  guides  for  design  and  operation  of  highways  in  the  future. 

In  addition  to  these  studies,  the  Bui*eau  is  cooperating  with  a  number  of 
States  on  roadside  inventory  projects.  In  Minnesota  and  Michigan,  where  this 
Avork  is  furthest  advanced,  an  important  phase  is  study  of  the  association  of 
accident  locations  with  driveways  and  otlier  access  points,  as  well  as  advertising 
signs  and  establishments  along  the  roadside.  From  the  work  done  thus  far, 
it  is  evident  that  the  character  and  intensity  of  roadside  development  bear  a 
closer  relation  to  accident  occurrence  than  is  commonly  supposed.  The  studies 
are  designed  to  reveal  the  significance  of  the  several  types  of  roadside  use  so 
that  proper  measures  may  be  taken  to  protect  the  public's  investment  in  the 
highway. 

Financial  and  Administrative   Research 

In  every  State  conducting  highway  needs  studies,  methods  of  providing  addi- 
tional funds  eventually  become  a  major  issue.  The  debates  that  take  place 
and  conflicting  data  offered  underline  the  necessity  for  intensive  research  in  the 
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interrelated  fields  of  highway  costs,  finance,  and  administration.  In  cooperation 
with  the  State  highway  departments  and  with  national  organizations,  the  Bureau 
has  continued  and  moderately  expanded  its  studies  in  this  general  category 
during  the  past  year. 

Financial  studies 

The  number  of  States  cooperating  in  the  annual  collection  and  reporting  of 
information  regarding  the  financing  of  highways  and  streets  by  counties  and 
local  rural  and  urban  governments  continued  to  increase.  By  the  end  of  the 
fiscal  year,  more  than  40  States  were  participating  in  this  work.  All  States 
regularly  report  to  the  Bureau  data  on  State  taxation  of  motor  vehicles,  mileage 
completed,  motor-vehicle  registrations,  and  related  data.  The  information  now 
being  obtained  for  city  and  local  rural  units  is  essential  to  give  a  complete  picture 
of  the  highway  situation. 

Analysis  and  tabulation  of  the  county  and  local  road  finance  information  on 
a  Nation-wide  basis  were  continued,  as  was  preparation  of  estimates  of  the 
highway  operations  of  the  local  governments  in  the  States  that  had  not  yet 
undertaken  this  work.  Considerable  progress  was  made  in  the  preparation  of  a 
report  covering  the  receipts,  disbursements,  and  debt  of  coimties  and  local  rural 
governments  for  the  years  1942-47.  This  report  will  supplement  The  Financing 
of  Hightcays  Ijy  Counties  and  Local  Rural  Governments,  1931-41,  published  in 
December  1949.  A  similar  report  presenting  information  on  city  and  village 
street  financing  was  also  in  preparation.  A  preliminary  estimate  of  the  receipts 
and  disbursements  for  highway  purposes  of  all  classes  of  governmental  units 
during  1949  was  prepared  and  previous  estimates  for  the  years  1945-48  were 
revised. 

Highway  costs 

Cooperative  studies  by  the  Bureau  and  State  highway  departments  of  construc- 
tion costs,  maintenance  costs,  and  the  service  lives  of  the  variovis  highway  sur- 
face types  M'ere  continued. 

Pilot  studies  involving-  analyses  of  highway  construction  investment  data  were 
carried  out,  and  probable  weighted-average  service  lives  of  capital  improvements 
were  developed.  In  cooperation  with  the  highway  departments  of  Kentucky, 
Minnesota,  and  Texas,  work  was  done  in  developing  procedures  for  determining 
the  annual  operating  cost  of  a  section  of  highway.  A  progress  report  on  this 
work  was  made  to  the  Highway  Research  Board. 

From  detailed  analyses  of  the  service  ]ives  of  various  road  types,  data  were 
assembled  which  indicate  the  rate  at  which  the  Nation's  road  systems  are  wear- 
ing out.  It  was  found  that  within  10  years  44  percent  of  the  high-type  mileage 
now  on  the  Federal-aid  primary  system  will  wear  out.  The  total  of  this  type 
on  January  1,  1950,  was  109,000  miles,  of  which  48,000  miles  will  wear  out 
by  1960. 

The  indicated  need  of  total  surface  replacement  of  other  surfaces  on  the 
Federal-aid  primary  system  in  the  same  10-year  period  was  76,000  miles.  The 
8,700  miles  of  unsurfaced  roads  should  also  be  surfaced :  hence  the  total  indi- 
cated need  for  all  Federal-aid  primary  roads  combined  was  found  to  be  132,700 
miles  of  replacement  in  the  next  10  years. 

Several  States  conducting  long-range  highway  needs  studies  were  assisted  in 
setting  up  a  replacement  program,  determining  work  volume,  calculating  the 
annual  costs  for  various  program  periods,  and  estimating  the  necessary  revenue 
to  bring  the  several  highway  systems  up  to  standard. 

Assistance  was  given  to  several  State  highway  departments  in  establishing 
highway  control  sections.     Control   sections   are  fixed,  permanent   sections  of 
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highway  or  street  systems  selected  fnjiii  thi;  viewpoint  of  ooiivenienee  in  assembly 
of  a  large  amount  of  diversified  informal i(jn  ])ertaiuing  to  tludr  upkeep  and 
I)erformaiiee.  Uiuforin  cost  and  operation  reporting  procedures  and  accounting 
methods  were  established  as  a  part  of  tiie  control-section  study. 

Production  cost  studies 

The  purpose  of  production  cost  studies  is  to  point  out  ways  in  which  con- 
struction and  maintenance  supervisors  can  increase  the  efliciency  of  their  opera- 
tions and  thus  reduce  highway  costs.  Studies  of  equipment  performance  and 
construction  methods  were  conducted  on  18  construction  jobs  in  Eastern  and 
Midwestern  States.  Pilot  studies  of  county  maintenance  equipment  and  methods 
were  made  in  five  counties  in  Mississippi,  Tennessee,  and  Texas.  A  1-year 
study  of  equipment  utilization  and  performance  on  State  highway  maintenance 
has  been  started  in  Connecticut. 

Studies  of  the  operation  of  trucks  hauling  bituminous  mixtures  showed  that 
each  truck  spent  an  average  total  of  over  13  minutes  at  the  plant  obtaining  a 
load  and  at  the  finisher  discharging.  Waits  and  delays  per  trip  averaged  over 
18  minutes.     The  accumulation  of  such  delays  adds  materially  to  highway  costs. 

Studies  made  on  jobs  employing  scrapers  drawn  by  both  rubber-tired  and 
crawler  tractors  disclosed  that  the  average  pay  load  per  unit  ranged  from 
56  to  106  percent  of  rated  capacity,  with  an  average  of  slightly  over  80  percent. 
Haul  speeds  for  the  rubber-tired  tractor  units  averaged  676  feet  per  minute 
and  for  the  crawler  tractor  units  322  feet  per  minute.  Delays  to  these  units 
resulted  principally  from  weather  conditions,  amounting  to  54  percent  of  avail- 
able time  for  rubber-tired  tractors  and  25  percent  for  crawler  tractors. 

Studies  of  a  large  excavating  and  loading  machine  revealed  that  the  unit 
excavated  material  at  an  average  of  1,035  cubic  yards  per  hour,  exclusive  of 
delays.  When  allowance  was  made  for  time  lost  in  turning  and  waiting  for 
trucks  to  get  in  position  for  loading,  the  rate  was  reduced  to  705  cubic  yards  per 
hour. 

Studies  of  county  maintenance  operations  revealed  a  great  variety  of  working 
conditions  and  problems.  The  principal  machine  used  was  the  motor  grader, 
which  was  found  to  be  utilized  on  actual  productive  woi'k  for  only  47  percent  of 
the  total  available  working  time.  Tractor  front-end  loaders  on  county  work 
were  utilized  16  percent  of  available  working  time.  A  shortage  of  hauling  units 
accounted  for  the  largest  delays  encountered  and  amounted  to  over  20  percent 
of  the  total  available  working  time.  Power  shovels  engaged  on  county  work 
were  utilized  87  percent  of  the  total  available  working  time.  Here  a  shortage 
of  hauling  units  accounted  for  by  far  the  largest  delays,  amounting  to  27  percent 
of  the  total  available  working  time. 

Facts  disclosed  by  these  studies  are  being  made  available  to  contractors, 
equipment  manufacturers,  engineers,  and  others  through  releases  by  the  Highway 
Research  Board.  There  has  been  considerable  interest  in  these  reports  not  only 
within  the  United  States  but  also  in  several  foreign  countries. 

Highway  administration 

A  comprehensive  study  of  State  highway  department  administrative  bodies 
was  completed.  The  general  purpose  was  to  describe  accurately  the  various 
types  of  administrative  organization  and  complementary  provisions,  such  as 
qualifications  of  members,  tenure  of  office,  method  of  appointment,  and  related 
matters. 

The  study  of  existing  civil  service,  merit,  pension,  and  retirement  systems 
under  which  State  highway  departments  operate,  and  a  complementary  study 
of  workmen's  compensation  laws  as  they  affect  State  highway  departments,  were 
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completed  and  the  data  tabulated.     Preparation  of  reports  to  accompany  the 
tabular  data  was  begun. 

Land  acquisition,  roadside  control,  and  terminal  facilities 

Research  in  connection  with  requirements  for  off-street  truck  loading  and 
unloading  facilities  as  contained  in  zoning  ordinances,  building  codes,  or  other 
local  laws,  has  been  completed  and  the  provisions  have  been  apalyzed.  Work 
on  a  report  was  begun.  Cities  planning  to  provide  more  adequate  parking 
facilities  were  assisted  in  solution  of  legal,  administrative,  and  financial  problems. 
Existing  machinery  and  practices  were  analyzed  and  evaluated  and  reconi- 
mendations  made. 

Research  and  analysis  of  State  enabling  acts,  of  both  general  and  local  appli- 
cation, authorizing  provision  of  off-street  automobile  parking  facilities  were 
completed  for  the  years  1946-49.  Studies  embodying  the  findings  Avill  revise 
and  bring  up  to  date  the  original  studies  covering  laws  of  like  nature  enacted 
up  to  and  including  1945. 

A  report  on  the  use  of  parking-meter  revenues  was  completed,  with  an  appended 
digest  of  the  State  statutes  on  court  decisions  relating  to  the  subject.  Legal 
research  on  the  validity  of  regulating  off-street  parking  facilities  as  public 
utilities  was  completed  and  work  begun  on  a  report. 

A  report  dealing  with  the  financing  of  highway  rights-of-way  was  completed, 
in  cooperation  with  a  committe  of  the  American  Association  of  State  Highway 
Officials.  This  report  was  based  on  returns  to  the  committee's  questionnaire 
on  State  land-acquisition  procedures. 

A  study  of  the  effect  of  the  new  Shirley  Memorial  Highway  in  Virginia  on 
land  use  and  land  values  was  commenced,  from  which  it  is  hoped  that  a  technique 
or  method  of  study  may  be  developed  which  may  be  used  in  connection  with 
similar  studies  undertaken  in  various  parts  of  the  country.  The  Shirley  Highway 
is  a  four-lane  express  highway  with  controlled  access,  built  on  an  entirely  new 
location. 

Administrative  methods  of  controlling  development  of  roadsides  were  studied 
and  discussed  in  a  report.  The  roadside  surveys  made  to  determine  the  char- 
acter of  existing  development  and  its  possible  relation  to  accidents  on  the  high- 
ways were  utilized  in  the  administrative  study.  Methods  of  control  considered 
included  the  formulation  of  design  standards  for  entrances  and  exits,  and 
adoption  of  a  permit  or  licensing  system  for  controlling  the  number  and  location 
of  entrances  and  exits.  A  bibliography  on  roadside  control  was  completed  and 
published. 

Assistance  on  matters  relating  to  legal  control  and  administrative  authority 
was  extended  to  a  subcommittee  of  the  American  Association  of  State  Highway 
Officials  in  the  preparation  of  a  policy  statement  on  drive-in  theaters. 

Information  regarding  current  legislation,  court  decisions,  and  administrative 
practices  in  the  field  of  land  acquisition  and  control  of  highway  access  and 
adjacent  areas  was  compiled  for  publication  by  the  Highway  Research  Board. 

Report  on  the  local  rural  road  problem 

In  1949  two  bills  were  introduced  in  the  Senate  to  provide  regular  authoriza- 
tions of  Federal  funds  for  the  construction  of  local  rural  roads.  Conflicting 
data  and  opinions  presented  during  the  course  of  hearings  indicated  the  desira- 
bility of  a  factual  appraisal  of  the  economic,  engineering,  financial,  and  admin- 
istrative phases  of  the  local  rural  road  problem.  Such  a  study  was  undertaken 
by  the  Bureau  at  the  request  of  the  Senate  Committee  on  Public  Works.  A  re- 
port entitled  The  Local  Rural  Road  Problem  was  presented  to  the  committee 
in  January. 

40 


The  report  discussed  four  main  subjects:  (1)  extent  and  usiij,'(!  of  local  rural 
roads,  (2)  required  improvement  and  its  cost,  (Ji)  local  road  finance,  and  (4) 
local  road  administration. 

Of  the  2.5  million  miles  of  local  rural  roads,  approximately  half  are  surfaced; 
and  of  the  unsurfaced  roads  as  many  as  400,000  miles  might  be  classed  as  un- 
essential. About  64  percent  of  all  farms  are  on  all-weather  roads,  and  the  pro- 
portion of  farms  tliat  had  such  access  was  twice  the  proportion  that  had  tele- 
phones or  running  water.  Local  rural  roads  were  found  to  have  an  average  traf- 
fic volume  of  about  50  vehicles  per  day  but  approximately  40  percent  of  the  local 
rural  road  mileage  carries  10  or  less  vehicles  per  day.  Farmers  use  all  classes 
of  rural  roads  and  city  streets.  More  than  half  the  travel  of  farm  passenger 
cars  and  trucks  was  on  primary  highways  and  city  streets. 

The  report  reviews  standards  of  improvement  and  requirements  with  respect 
to  the  maintenance  and  operation  of  local  rural  roads  and  develops  the  average 
annual  cost  of  alternate  programs  ranging  from  $894  million  per  year  for  a  20- 
year  program  to  $1,269  million  per  year  for  a  10-year  program,  including  construc- 
tion, maintenance,  administration,  and  engineering. 

The  discussion  of  local  road  financing  shows  some  striking  trends.  On  a  Na- 
tion-wide basis,  the  local  highway  units  haA'e  enjoyed  considerable  success  in 
shifting  their  financial  burdens  to  the  State  and  Federal  Governments.  From 
1927  to  1947,  the  relative  contribution  made  to  the  support  of  local  roads  by 
counties  and  local  units  has  been  cut  more  than  half,  from  81  to  39  percent.  In 
1947,  the  percentage  of  the  $S35-mlllion  revenue  received  from  various  govern- 
mental sources  for  the  support  of  local  rural  roads  was  as  follows:  Federal 
sources,  4  percent ;  State  sources,  57  percent ;  and  local  sources,  39  percent. 

The  report  points  out  weaknesses  in  existing  administrative  set-ups.  It  indi- 
cates-a  need  for  clear  specification  of  legislative  intent  and  improved  State-local 
relations.  It  describes  the  advantages  of  a  State-aid  program  managed  by  the 
local  units  with  State  assistance  in  planning,  establishing  priorities  of  improve- 
ment, and  selecting  road  systems.  Over  18,000  local  governmental  units  were 
found  to  exercise  jurisdiction  to  some  extent  over  local  rural  roads. 

Hydraulic  Research 

One  of  the  uncertainties  frequently  faced  by  field  engineers  is  the  extent  to 
which  the  sand  or  gravel  in  a  stream  bed  may  be  scoured  out  around  bridge  piers 
and  abutments  during  floods.  Underscour  is  one  of  the  principal  causes  of  de- 
struction of  bridges.  When  a  determination  must  be  made  as  to  probable  depth 
of  scour,  it  is  generally  based  on  experience  with  other  structures  under  similar 
conditions.  To  develop  a  more  scientific  approach  to  the  problem  two  research 
projects  have  been  undertaken,  one  in  Iowa  and  another  in  Colorado. 

The  Iowa  Institute  of  Hydraulic  Research  at  Iowa  City,  under  an  agreement 
with  the  Iowa  State  Highway  Commission  for  a  Federal-aid  research  project, 
has  been  making  tests  on  models  of  bridge  piers  placed  in  a  laboratory  flume  hav- 
ing a  sand  bottom.  These  tests  are  indicating,  among  other  things,  that  the 
angle  at  which  the  current  approaches  the  pier  greatly  affects  the  depth  of  the 
localized  scour.  A  new  flume  has  been  constructed  in  which  sand  is  kept  mov- 
ing along  the  bed  just  as  sediment  moves  in  a  natural  stream.  The  Bureau  has 
assigned  an  engineer  to  this  project  who  will  later  supervise  field  observations 
of  scour  around  actual  bridge  piers  to  verify  the  theories  developed  from  lab- 
oratory study. 

The  Rocky  Mountain  Hydraulic  Laboratory,  a  nonprofit  corporation  formed 
by  a  group  of  prominent  hydraulic  engineers,  is  cooperating  with  the  Bureau 
in  investigating  the  use  of  flexible  mats  to  reduce  scour  around  bridge  piers.     Pre- 

41 


liminary  tests  indicated  that  the  depth  of  scour  around  a  bridge  pier  can  be 
greatly  reduced  if  a  flexible  mat  capable  of  adjusting  itself  to  the  changes  in  the 
bed  of  the  stream  during  flood  stages  is  placed  around  the  base  of  the  pier.  The 
object  of  the  investigation  is  to  learn  more  about  the  characteristics  of  such  mats, 
which  are  expected  to  be  useful  in  protecting  existing  bridges  against  destruction 
by  underscour  as  well  as  providing  an  additional  factor  of  safety  for  new  bridges. 

The  effectiveness  of  pipelines  for  removal  of  storm  water  from  express  high- 
ways may  be  adversely  affected  by  the  deposition  of  sediment  in  the  pipe.  The 
cost  of  cleaning  clogged  pipes  can  be  large.  Very  little  is  known  about  the  criti- 
cal conditions  cavTSing  sediment  to  deposit  in  a  pipeline.  The  Iowa  Institute  of 
Hydraulic  Research  is  cooperating  with  the  Bureau  in  a  study  of  this  problem. 
Use  of  sediment-trapping  devices  will  be  investigated. 

The  University  of  Illinois  is  cooperating  with  the  Bureau  in  a  study  to  de- 
velop improved  structures  for  collecting  and  disposing  of  storm  waters  on  express 
highways  and  to  develop  improved  methods  of  estimating  the  probable  amounts 
of  rainfall  that  may  be  expected. 

The  research  described  is  aimed  at  filling  in  gaps  in  knowledge  of  how  water 
flows  through  highway  drainage  structures.  Review  is  continuing  of  informa- 
tion available  from  highway  sources  and  from  other  agencies  concerned  with 
the  flow  of  water.  Close  cooperation  is  maintained  with  the  United  States  Geo- 
logical Survey,  particularly  with  respect  to  encouraging  the  analysis  of  existing 
stream-flow  records  for  the  purpose  of  statistical  determinations  of  the  magnitude 
and  frequency  of  flood  flows.  A  number  of  State  highway  departments  have 
entered  into  cooperative  agreements  with  the  Geological  Survey  for  studies  of 
flood  frequencies  and  also  for  the  installation  and  operation  of  gaging  stations  on 
typical  small  watersheds  for  which  insufiicient  peak  runoff  data  are  available. 

An  intensive  study  of  data  on  peak  rates  of  runoff  from  small  watersheds  is 
being  conducted.  Data  are  available  primarily  from  the  investigations  of  the 
Soil  Conservation  Service  which,  unfortunately,  are  applicable  to  a  very  limited 
portion  of  the  United  States  and  include  no  indication  of  rates  of  runoff  on 
very  flat  land. 

Through  representation  on  the  subcommittee  on  hydrology  of  the  Federal 
Inter-Agency  River  Basin  Committee,  deficiencies  in  basic  hydrologic  data  needed 
for  highway  purposes  are  being  correlated  with  the  needs  of  other  Federal 
agencies.  Hydraulic  engineers  of  the  Bureau  assisted  in  the  work  of  the  inter- 
agency committees  developing  information  for  the  President's  Water  Resources 
Policy  Commission. 

Work  on  the  preparation  of  a  drainage  manual  was  continued.  It  is  believed 
that  marked  improvements  can  be  made  in  drainage  features  of  highways  with 
resulting  reductions  in  highway  costs  and  fewer  interruptions  to  traffic  by 
floods.  The  purpose  of  the  manual  is  to  place  in  the  hands  of  field  engineers 
the  latest  i*esearch  results  on  determining  the  flow  of  water  to  be  expected  under 
different  conditions  and  on  the  most  efficient  hydraulic  designs  to  handle  the 
flow. 

Physical  Research 

Activity  in  the  physical  research  field  continued  as  rapidly  as  facilities  per- 
mitted during  the  past  year.  Much  of  the  work  is  of  a  continuing  nature,  and 
the  more  important  projects  under  way  have  been  described  in  previous  reports. 
This  report  will  discuss  progress  made  during  the  year  on  each  of  the  continuing 
projects  and  describe  new  activities  that  have  been  undertaken. 

In  addition  to  activities  of  a  strictly  research  nature,  the  laboratories  per- 
formed a  substantial  amount  of  routine  testing  for  other  Government  agencies 
as  well  as  in  connection  with  work  under  the  direct  supervision  of  the  Bureau. 
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The  instruction  of  groups  of  highway  ongineers  from  organizations  in  this  country, 
from  foi-eign  countries,  and  of  llu;  Bureau's  eMgiiiecring  trainees,  lias  l)een  con- 
tinued on  an  enlarged  scale. 

Cooperation  was  continued  with  engineering  organizations  standardizing  speci- 
fications for  road  materials  and  methods  of  testing  and  interested  in  research 
along  these  lines.  Such  organizations  include  the  Federal  Speciflcation  Board, 
the  Higliway  lleseurch  Board,  the  American  Society  for  Testing  Materials,  the 
American  Concrete  Institute,  the  Amei-ican  Association  of  State  Highway  Offi- 
cials, and  others.  Cooperation  l)y  the  Bureau  takes  the  form  of  active  participa- 
tion in  committee  woi'k  by  individual  meml)ers  of  the  staff  as  well  as  participation 
in  cooperative  programs  of  research  sponsored  by  tliese  organizations. 

Soil  studies 

Considerable  progress  has  been  made  in  the  development  of  methods  suitable 
for  the  preparation  of  engineering  soil  and  drainage  maps  from  aerial  photo- 
graphs, geological  maps,  and  agricultural  soil  maps.  Research  mapping  projects 
in  cooperation  with  the  Maine  and  New  Jersey  State  highway  departments  have 
been  continued.  The  trial  project  in  Maine  has  been  completed  and  rejiorted. 
On  the  basis  of  information  obtained,  additional  research  work  has  been  started 
to  develop  methods  for  mapping  other  types  of  soil  and  drainage  conditions 
found  in  that  State.  In  New  Jersey,  over  50  percent  of  the  State  has  been 
mapped  and  soil  reports  and  maps  have  been  prepared  or  were  in  the  process 
of  preparation  for  publication.  These  maps  and  reports  describe  the  methods 
developed  for  airphoto  interpretation  and  show  the  distribution  of  soils  apt  to 
require  similar  treatment  from  an  engineering  standpoint. 

As  a  result  of  research  work  on  mapping  of  soils  for  engineering  purposes 
using  aerial  photography,  the  training  course  for  young  engineers  employed  by 
the  Bureau  has  been  expanded  to  include  a  course  in  airphoto  interpretation  of 
soils.  This  course  will  be  given  to  all  trainees  to  acquaint  them  with  the  most 
recent  development  in  this  specialized  field. 

Training  of  enlisted  personnel  of  the  Army  in  soil  testing  was  continued.  Three 
8-week  courses  of  instruction  were  completed.  The  purpose  was  to  train  men  in 
the  methods  of  soil  testing  for  future  assignments  in  the  construction  of  military 
roads  and  airfields.  During  this  same  period  a  number  of  State  and  county  engi- 
neers were  given  specialized  instruction  in  soil  testing  as  applied  to  highway 
and  bridge  design. 

"Work  in  soil  mechanics  consisted  of  shear,  consolidation,  and  permeability 
testing  of  soils  in  connection  wdth  the  design  of  foundations  for  Veterans'  Admin- 
istration hospitals  at  a  number  of  locations.  Soil  testing  was  continued  in  con- 
nection with  the  foundation  design  of  the  White  House  and  for  bridges  in  the 
District  of  Columbia. 

The  construction  and  preliminary  soil  work  on  the  cooperative  experimental 
concrete  pavement  in  Indiana  has  been  completed.  This  project  was  initiated 
to  study  the  effect  of  several  methods  of  pavement  design  in  minimizing  the  detri- 
mental effect  of  pavement  pumping  under  heavy  highway  loads.  A  report  de- 
scribing the  soil  conditions  and  the  methods  used  for  subgrade  improvement  was 
being  prepared.  Subsequent  reports  will  indicate  the  effectiveness  of  methods 
of  subgrade  treatment. 

The  testing  of  base  course  and  subgrade  at  the  Hybla  Valley  test  track  near 
Washington  was  continued.  The  effectiveness  of  various  types  of  moisture  cells 
to  measure  the  movement  of  soil  moisture  in  the  subgrade  and  base  course  was 
studied  in  connection  with  this  field  study  of  nonrigid  pavement  design. 

The  laboratory  study  of  chemical  deflocculating  agents  in  soil  dispersion  was 
continued.     A  report  describing  the  development  of  a  new  air-jet  type  soil  dis- 
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persion  apparatus  was  published.     The  apparatus  is  being  used  by  several  testing 
laboratories  in  the  mechanical  analysis  of  soils. 

Fundamental  research  has  been  started  in  a  study  of  clay  minerals  found  in 
soils.  Work  with  the  electron  microscope  has  been  started,  and  other  basic  re- 
search by  thermoanalysis  and  with  the  spectrophotometer  and  X-ray  diffraction 
will  follow.  The  objective  is  to  determine  more  satisfactory  methods  of  evaluat- 
ing local  soils  as  construction  materials  for  secondary  roads. 

Bituminous  materials  and  mixtures 

One  of  the  most  important  considerations  in  the  field  of  bituminous  construc- 
tion is  the  durability  of  bituminous  pavements.  An  important  factor  affecting 
this  property  is  the  quality  of  the  asphalt  used  and  its  ability  to  retain  its  adhe- 
sive properties  and  its  resistance  to  hardening  in  service.  These  characteristics 
differ  among  asphalts  produced  from  a  given  crude  oil  and  refined  by  different 
processes. 

In  the  study  of  these  properties  that  is  currently  being  made,  an  abrasion  test 
is  used.  Asphalts,  combined  with  Ottawa  sand,  are  formed  into  test  specimens, 
subjected  to  controlled  accelerated  weathering,  and  then  subjected  to  an  abrasion 
test.  Preliminary  results  show  that  this  method  will  evaluate  asphaltic  materials 
in  terms  of  their  resistance  to  hardening  and  will  differentiate  between  positive- 
spot  and  negative-spot  materials  produced  from  a  given  crude  oil.  Comparison 
of  materials  from  different  crudes  is  not  yet  warranted  on  the  basis  of  the  results 
thus  far  obtained.  A  preliminary  report  of  this  investigation  was  presented  at 
the  1950  annual  meeting  of  the  Association  of  Asphalt  Paving  Technologists. 

Chemical  additives. — ^The  value  of  certain  chemical  additives  in  increasing  the 
adhesion  of  asphalt  films  to  stone  particles  is  believed  to  be  decreased  by  high 
temperature  and  long  periods  of  heating  to  which  asphalts  containing  them  may 
be  subjected.  A  study  of  the  resistance  of  treated  asphalts  to  the  action  of  heat 
has  been  carried  on  in  the  laboratory  on  a  number  of  asphalts  and  chemical  addi- 
tives. The  indications  are  that  these  materials  differ  greatly  as  to  the  effect  of 
heat  and  length  of  heating.  New  types  of  additives  claimed  to  be  heat-resistant 
have  been  included  in  the  study. 

Special  investigations.- — Several  experimental  sections  of  bituminous  surface 
containing  rubber  powders,  in  addition  to  those  already  reported,  have  been  in- 
stalled by  the  State  highway  departments  of  Ohio  and  Texas.  Observers  from 
the  Bureau  were  present  during  the  construction  of  these  test  sections.  Samples 
of  the  component  materials  and  of  the  finished  mixtures  were  tested  in  the 
laboratory.  Although  the  effect  of  the  rubber  powders  on  skid  resistance  and 
lower  maintenance  costs  of  the  surfaces  can  best  be  evaluated  by  continuing  study 
of  the  experimental  sections  in  the  field,  it  is  expected  that  the  laboratory  tests 
already  made  and  those  to  follow  will  lead  to  a  better  understanding  of  asphalt- 
rubber  blends. 

Another  field  project  has  been  added  to  the  group  of  bituminous  concrete  sur- 
faces being  studied  in  cooperation  with  several  State  highway  departments. 
Among  the  properties  of  the  pavement  being  studied  are  correlation  of  progressive 
degradation  of  the  aggregate  with  the  results  of  the  Los  Angeles  abrasion  test, 
increasing  density  under  traffic  and  its  effect  on  pavement  behavior,  and  the 
alteration  of  certain  test  characteristics  of  the  asphalt  with  age. 

During  the  year,  the  laboratory  has  been  requested  to  design  bituminous 
mixtures  for  use  in  various  regions,  utilizing  local  aggregates.  The.  susceptibility 
of  mixtures  containing  particular  aggregates  to  water  action,  the  selection  of 
additive  treatments  when  indicated,  and  the  adequacy  of  stability  developed 
by  these  mixtures  are  important  factors  in  designing  mixtures  that  can  be  ex- 
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pected  to  give  satisfactory  sei-vice  porformatifo.  Thcso  investigations  liave 
brought  out  the  wide  range  in  test  eharaeteristics  of  aggregates  from  different 
sources,  particularly  with  respect  to  the  effect  <if  watei-  on  hiluniinoMs  mixtures 
in   which  they  are  used. 

Fillers. — A  study  of  the  use  of  certain  waste  materials  as  tillers  for  i)ilunrmons 
mixtures  is  in  progress.  Trap-rock  dust  and  fly-asli,  wliidi  are  in  plentiful 
supply  in  certain  areas,  are  being  investigated  as  replacements  for  or  to  supple- 
ment the  more  expensive  fillers  such  as  portland  cement  and  limestone  dust. 
Results  thus  far  obtained  indicate  that  certain  trap-rock  dusts  jis  well  as  fly-ash 
from  some  coal-burning,  steam-electric  power  plants  are  the  equal  of  the  usual 
fillers  specified.  Both  of  these  products  are  waste  materials  and  their  use  in 
bituminous  construction  should  prove  economical  and  at  the  same  time  effect  a 
considerable  saving  of  materials  needed  for  other  purposes. 

Chemical  analyses. — A  method  for  determining  the  sodium  and  potassium  in 
soils  and  other  siliceous  materials  by  means  of  a  flame  photometer  was  developed 
and  a  report  prepai-ed  for  publication.  This  method  is  simpler  and  much  more 
rapid  than  the  usual  gravimetric  method  of  determination. 

A  modification  of  the  standard  paint  specification  for  shop  primers  of  the 
red-lead,  iron-oxide  type  was  developed  for  use  on  bridge  steel  fabricated  in 
this  country  and  shipped  to  the  Philippines.  This  special  paint  was  designed 
to  provide  a  coating  adequate  to  resist  damage  in  the  handling  incurred  in  over- 
seas shipment.  It  proved  to  be  more  satisfactory  for  this  particular  purpose 
than  did  paint  furnished  under  the  standard  specifications. 

Cement,  aggregates,  and  concrete 

The  major  research  effort  in  connection  with  studies  of  portland  cement  and 
aggregates  continues  to  center  around  the  phenomenon  of  the  alkali-aggregate 
reaction.  Many  projects  which  were  initiated  in  previous  years  and  which  have 
been  described  in  earlier  reports  are  still  active.  This  is  due  to  the  discovery 
that  certain  combinations  of  cement  and  aggregate  may  not  begin  to  react  until 
after  as  much  as  4  years  of  storage.  It  appears  from  this  indication  that  the 
1-year  storage  iieriod,  which  has  been  considered  ample,  may  not  be  sufficient. 

One  of  the  most  important  of  these  projects  concerns  the  degree  to  which  vari- 
ous cements  will  react  with  a  given  reactive  aggregate  such  as  opal.  By  testing 
a  great  many  cements  it  is  hoped  that  information  will  be  obtained  which  will 
aid  in  determining  what  other  factors  in  addition  to  the  amount  of  alkali  may 
influence  the  reactivity  of  the  cement.  During  the  past  year  this  project  has 
been  extended  to  include  numerous  portland  cements  of  varying  alkali  content, 
and  additional  data  have  been  obtained. 

Another  investigation  concerned  the  reactivity  of  slag  aggregates  with  high- 
alkali  cements.  Since  many  slag  particles  have  the  property  of  fluorescing  imder 
ultraviolet  light,  the  slag  samples  were  separated  according  to  their  color  under 
this  type  of  light.  Separated  fractions  were  then  tested  for  reactivity  with  high- 
alkali  cements.  At  present,  indications  are  that  the  color  imder  ultraviolet  light 
is  less  significant  than  the  source  of  the  product. 

An  investigation  of  types  of  containers  other  than  mason  jars  for  determining 
volume  changes  due  to  alkali  reactivity  was  completed.  It  was  found  that  a 
large-size  incandescent  light  bulb  could  be  converted  into  a  satisfactory  container 
which  would  indicate  volume  changes  of  mortar  more  qiiickly  and  with  more 
uniformity  than  a  mason  jar.  However,  the  inconvenience  of  preparing  and 
handling  of  light  bulbs  will  probably  limit  their  usefulness  in  this  particular  test. 

The  effect  of  various  calcareous  additives  on  the  strength  and  durability  of 
cement  mortars  was  investigated.     This  investigation  was  inaugurated  because 
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of  certain  European  data  which  indicated  that  the  addition  of  calcite  to  concrete 
would  greatly  increase  its  resistance  to  weathering  and  salt  attack.  The  cal- 
careous materials  studied  were  pure  calcium  carbonate,  ground  limestone,  ground 
marble,  and  hydrated  lime.  The  results  did  not  show  any  significant  improve- 
ment in  the  properties  of  mortars  containing  these  additives.  This  work  may  be 
extended  to  include  these  same  materials  ground  much  finer  than  in  the  initial 
tests. 

In  1940,  a  study  of  the  durability  of  concrete  as  affected  by  the  cement  was 
inaugurated.  Concrete  specimens  containing  60  portland  cements,  differing 
widely  in  their  physical  and  chemical  properties,  were  fabricated  and  stored 
out-of-doors.  A  number  of  these  specimens  have  now  disintegrated  either  in 
whole  or  in  part.  Samples  of  clinker  from  which  each  of  the  cements  was  made 
have  been  examined  and,  in  addition,  small  mortar  cylinders  prepared  with  these 
cements  have  been  tested  for  compressive  strength  after  10  years  storage  in  air 
and  water.     A  summation  of  the  data  is  being  prepared  for  publication. 

During  the  year,  several  occurrences  of  slippery  concrete  pavement  were 
lirought  to  the  attention  of  the  laboratory.  Samioles  of  limestone  from  Pennsyl- 
vania which,  when  used  as  both  fine  and  coarse  aggregates,  produced  slippery 
surfaces,  were  examined.  It  was  discovered  that  these  limestones  contain  some- 
what larger  amounts  of  carbonaceous  material  than  do  more  satisfactory  lime- 
stones of  the  same  general  type.     Further  work  on  this  problem  is  being  planned. 

During  the  year  the  petrographic  laboratory  devised  a  method  for  determining 
the  amount  of  mica  in  soil.  The  procedure  consists  of  placing  a  static  electrical 
charge  on  a  camel-hair  brush  which  is  then  passed  over  the  soil  sample.  The 
particles  of  mica  are  attracted  to  the  brush  and  thus  removed.  It  is  proposed 
to  extend  this  method  to  the  testing  of  fine  aggregates  for  concrete. 

Researches  in  portland  cement  concrete  continue  to  be  directed  primarily  to 
the  problem  of  improving  durability  or  resistance  to  natural  weathering.  The 
introduction  of  the  principle  of  air  entrainment  in  concrete  to  improve  durability 
is  generally  recognized  as  the  most  important  contribution  to  the  art  that  has 
been  made  during  the  last  20  years.  However,  the  use  of  air  entrainment  has 
raised  numerous  questions  regarding  its  effect  on  various  properties  of  the 
concrete,  on  mix-design  methods,  etc.  To  answer  some  of  these  questions,  a 
number  of  laboratory  and  field  investigations  covering  various  phases  of  the 
problem  are  being  continued  or  were  initiated  during  the  past  year. 

One  of  the  most  important  of  these  is  a  cooperative  investigation  to  obtain 
data  for  use  in  preparing  tables  of  proportions  for  air-entrained  concrete.  This 
work,  in  cooperation  with  several  governmental  and  private  laboratories,  was 
carried  out  primarily  for  the  use  of  a  committee  of  the  American  Concrete 
Institute.  The  variables  studied  included  cement  content,  workability  factor, 
sand  content,  water-cement  ratio,  and  strength.  All  the  experimental  work  on 
this  project  has  been  completed  and  a  report  is  being  prepared. 

The  growing  use  of  air-entrained  concrete  has  resulted  in  the  introduction 
of  numerous  proprietary  compounds  which  are  being  promoted  as  air-entraining 
admixtures.  To  assist  in  the  evaluation  of  these  materials,  a  questionnaire 
was  sent  to  all  known  manufacturers  requesting  samples  and  information 
regarding  composition,  amounts  required  for  a  given  air  content,  and  laboratory 
and  field  test  data  indicating  performance.  About  23  admixtures  have  been 
received  and  tested  to  determine  their  air-entraining  properties  and  their  effect 
on  strength.  The  resulting  information  will  be  used  in  considering  materials 
for  Federal-aid  work. 

It  has  become  apparent  that  the  lag  between  discovery  of  principles  that  gov- 
ern concrete  performance  and  their  application  in  field  practice  is  increasing. 
As  a  step  toward  closing  this  gap,  the  Bureau  has  arranged  with  the  Ohio  State 
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Department  of  Ilii^Iiways  to  coiisliucf;  an  exporiiiiental  ooiu-rete  paveiiicnt  to 
denionstrale  tlio  iiraclicahliily  of  iisiii^  di'y,  low-saiidcil  mixLuiX'S,  coinpaotecl 
thorouf^iily  li.\'  \  iliration,  in  place  of  llir  cninp.-i  r.-ii  i\cl>  wcl  inixcs  now  in  coininon 
use. 

Other  licld  (■xpcriiiicnts  in  wliicli  tiic  I'.uicaii  is  inli'fcstcd  nii-  bciny,  i-ondiiclcd 
in  Kansas  to  delerniiiie  the  coinpai  al  i\  <•  niciils  of  the  nio(h'ni  porthmd  cfnients 
as  compared  with  tlie  kind  ot  eeniful  m.-iniifncl  iired  25  or  more  years  a^o,  and 
in  Nehraska  to  d('veh)p  information  i-ejiardinji  the  possihility  of  nsin;;-  (l.x-ash 
to  reduc(»  exjiansion  eansed  hy  the  alkali-aKf^re^atc!  I'eaction. 

An  extensive  series  of  lahoi'atory  tests  is  under  way  to  ddi'i  niinc  Ihr  r-elative 
efficiency  of  cnrinj;-  witli  water  as  compared  with  tlic  niodcin  nielliod  ot  sprayinji 
tlie  surface  of  concrete  with  a  nonhitumiuous  lii|uid  curing  compound.  Two 
methods  of  determining-  the  relative  efficiency  are  (  1  i  dclcrmininK  the  resistance 
of  the  concrete  to  freezing  and  thawing,  and  (_')  deterndninL:  tlic  resistance  to 
scaling  resulting  from  the  use  of  Ciilcium  cliloride  for  melting  ice  formed  on  the 
surface.  Also,  in  connection  with  the  application  of  research  to  field  conditions, 
a  series  of  tests  was  undertaken  to  demonsti'ate  the  I'elation  between  consistency 
of  concrete  and  durability.  Three  cement  contents,  two  cements,  two  types  of 
coarse  aggregate,  and  two  air  contents  are  being  studied. 

Tests  were  made  in  the  Bureau  laboratory  to  determine  the  cause  of  deteriora- 
tion of  concrete  in  eastern  Oklahoma,  using  test  specimens  made  with  three 
cements — two  from  Oklahoma  and  one  obtained  In  Washington,  D.  ('.  Three 
aggregates  from  Oklahoma  and  sand  and  gravel  from  the  Washington  area  were 
included.  The  tests  cover  freezing  and  thawing,  wetting  and  drying,  and  deter- 
minations   of   thermal    coefficient   of   expansion    of    the   various    combinations. 

Several  projects  mentioned  in  previous  reports  have  been  continued.  Under 
this  classification  are  included  the  extensive  project  initiated  in  1947  covering 
the  strength,  durability,  permeability,  and  shrinkage  characteristics  of  concrete 
containing  three  typical  commercial  air-eutraining  portland  cements.  The 
examination  and  testing  of  concrete  cores  from  the  German  Autobahnen  have 
been  completed,  except  for  the  determination  of  air  voids  in  the  concrete,  using  a 
new^ly  developed  microscopic  method. 

The  long-time  study  of  cement  performance  in  concrete,  described  in  detail 
in  previous  annual  reports,  has  been  continued.  Periodic  inspections  have  been 
made  of  the  concrete  test  specimens  exposed  to  weathering  at  the  laboratory  as 
w^ell  as  inspections  of  the  full-size  experimental  installations  in  the  field.  This 
investigation  holds  great  promise  of  leading  ultimately  to  the  adoption  of  more 
satisfactory  specifications  for  portland  cement  for  highway  construction. 

The  long-time  study  of  the  volume  change  of  concrete  exposed  to  alternate 
heating  and  cooling  was  continued.  These  tests  were  made  in  connection  with 
the  problem  of  concrete  durability  in  certain  midwestern  States. 

Structural  design  investigations 

Rigid  pavemenis. — Studies  of  the  performance  of  six  experimental  concrete 
pavements  in  California,  Kentucky,  Michigan,  Minnesota,  Missouri,  and  Oregon 
were  continued.  These  pavements,  constructed  cooperatively  in  1940  and  1941, 
were  primarily  intended  to  develop  information  as  to  the  amount  of  expansion 
space  necessary  in  concrete  pavements.  The  information  obtained  has  led  to  a 
modification  of  design  practice  on  this  detail.  A  10-year  report  on  tlie  six 
projects  is  being  organized  as  a  group  of  papers  for  presentation  before  the 
Highway  Research  Board. 

Mention  has  been  made  in  previous  annual  reports  of  the  study  of  the  effect 
of  various  amounts  of  longitudinal  steel  reinforcement  in  concrete  pavements 
being  conducted  near  Stilesville,  Ind.,  as  a  joint  undertaking  of  the  Bureau 
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and  the  Indiana  State  Highway  Commission.  During  the  past  year  a  report 
giving  the  results  of  10  years  of  systematic  observation  of  these  experimental 
sections  was  prepared  and  presented  jointly  by  the  State  and  the  Bureau  before 
the  Highway  Research  Board. 

In  the  laboratory  the  structural  design  of  joints  for  concrete  pavements  is 
being  given  continued  study.  A  systematic  program  of  repeated  load  testing 
in  a  special  machine  developed  by  the  Bureau  for  the  purpose  has  already  pro- 
duced important  information  not  heretofore  available  on  the  effect  of  variation 
in  design  detail  on  the  structural  efficiency  of  some  types  of  load  transfer 
installations. 

A  very  important  road  test  to  determine  the  effect  of  heavy  loads  was  ini- 
tiated in  June  1950  on  a  1.1-mile  section  of  concrete  pavement  located  on  U  S 
301  south  of  La  Plata,  Md.  This  test  is  being  conducted  under  the  direction 
of  tlie  Highway  Research  Board  as  a  cooperative  undertaking  of  11  eastern 
States,  the  District  of  Columbia,  and  the  Bureau  of  Public  Roads,  with  assist- 
ance from  commercial  organizations  in  the  highway  transport  field.  No  test 
exactly  like  it  has  ever  been  made,  and  its  results  are  awaited  with  keen 
interest  by  all  highway  authorities  and  by  commercial  trucking  and  other 
transportation  interests. 

There  will  be  repeated  applications  of  heavy  axle  loads  of  fixed  magnitudes 
at  average  intervals  of  less  than  a  minute,  for  at  least  6  months.  The  loads 
are  being  applied  by  eight  test  trucks  of  four  different  weights.  Two  trucks 
of  each  weight  will  constitute  the  only  trafiic  that  will  use  one  each  of  four 
separate  and  approximately  equal  parts  of  the  test  section  for  the  duration  of 
the  test. 

Two  two-axle  trucks,  each  with  18,000  pounds  on  the  rear  axle,  are  operated 
on  one  test  section,  and  two  two-axle  trucks,  each  with  22,400  pounds  on  the 
rear  axle,  are  being  operated  on  a  second  test  section.  Two  tliree-axle  trucks, 
with  32,000  pounds  equally  divided  between  the  tandem  rear  axles,  and  two 
three-axle  trucks,  with  44,800  pounds  shared  equally  by  the  tandem  axles, 
are  being  operated  on  the  third  and  fourth  sections,  respectively. 

The  test  highway  has  a  two-lane,  wire-mesh-reinforced  concrete  pavement, 
each  12-foot  lane  of  which  has  a  cross  section  9  inches  thick  at  the  edges  and 
7  inches  thick  at  the  center.  The  pavement  was  constructed  in  1941,  and  for 
9  years  has  been  subjected  to  the  usual  natural  forces  and  to  loadings  of  com- 
paratively light  weight.  At  the  beginning  of  the  test  it  was  remarkably  free 
of  visible  damage.  Tests  were  made  on  numerous  samples  of  subgrade  soil 
and  cores  from  the  pavement  to  indicate  their  quality. 

The  recorded  cracking  of  the  four  differently  loaded  test  sections  and  other 
visible  effects  of  the  traffic  on  the  pavement  will  be  used  as  a  measure  of  the 
effects  of  the  several  loads.  Measurements  of  the  strains  produced  in  the  pave- 
ment by  loads  of  various  magnitudes,  of  the  deflection  of  the  slabs  under  the 
test  vehicles,  of  the  subgrade  condition,  of  the  surface  elevations,  of  the  con- 
crete quality,  and  of  the  surface  riding  qualities  are  being  made. 

Nonrigid  pavements. — There  is  widespread  interest  in  the  development  of 
more  rational  methods  for  the  design  of  pavements  of  the  nonrigid  type.  More 
than  half  of  the  States  are  now  using  some  empirical  method  of  design  for  the 
so-called  "flexible"  or  nonrigid  class  of  pavements.  The  Bureau  has  been  con- 
tinuously active  in  promoting  this  development.  Working  in  cooperation  with 
the  Highway  Research  Board  and  the  Asphalt  Institute,  a  broad  investigation 
of  the  structural  action  of  nonrigid  pavements  was  begun  several  years  ago. 
The  experimental  woi'k,  centered  at  Hybla  Valley,  Va.,  has  followed  a  compre- 
hensive program  of  plate-loading  tests  on  special  sections  of  test  pavement. 


A  portion  of  the  program  i-cqiiiros  t(\st,s  with  heavy  axle  loads  in  iiiotion. 
A  special  test  vehicle  has  been  oljlaiiied  and  the  moving-load  tcsl  proj^rani 
will  be  started  shortly.  Special  ('(luipnicnl  lor  nicasiiiinu  jdi voni.iit  dell  'ction.s 
under  moving  loads  has  been  obtained. 

The  results  of  the  plate-load  tests  aiifjidy  coniplt'tcd  aic  considcicd  to  In- 
both  informative  and  significant.  It  is  indicated  that  Ibc  ('lasli(!  adion  of  the 
nonrigid  pavement  may  provide  the  long-sought  critt'ricMi  for  det(M-nuidng  its 
load-carrying  capacity.  The  data  obtained  are  being  analyzed  and  ]tn!sented 
to  a  cooperative  supervising  conunittee  in  a  series  of  progress  reports  that 
eventually  will  form  the  basis  for  a  I'onnal  ijubiicalion. 

Bridges. — For  some  years  a  series  of  structural  damiting  investigations  have 
been  under  way  to  derive  information  for  use  in  designing  suspension  bridges 
to  resist  strong  winds.  This  work  has  been  completed.  The  general  report  is 
contained  in  the  paper  Structural  D(tnii)in</  in  Sunvension  Bridges,  now  being 
considered  for  publication  hy  the  American  Society  of  Civil  Engineers.  A  more 
detailed  account  of  the  damping  tests  is  planned  for  publication  by  the  Bureau. 

There  has  long  been  need  for  a  study  of  the  effects  of  moving  vehicle  loads 
on  highway  bridges.  A  pilot  study  was  carried  out  on  a  highway  bridge  at 
Fort  Loudon,  Pa.,  in  cooperation  with  the  Pennsylvania  Department  of  High- 
ways and  with  the  assistance  of  the  American  Association  of  Railroads  through 
the  loan  of  equipnient  and  personnel  for  instrumental  measurements.  Since  this 
pilot  study,  the  Bureau  has  been  assembling  measuring  instruments  that  will 
make  possible  a  program  of  such  studies  carried  out  in  cooperation  with  in- 
terested State  highway  organizations. 

Other  research. — The  application  of  geophysical  methods  of  subsurface  explo- 
ration to  highway  engineering  problems,  pioneered  by  the  Bureau,  is  attracting 
increasing  attention,  both  among  engineers  from  foreign  countries  visiting  the 
United  States  and  among  engineers  of  the  State  highway  departments  and  other 
agencies. 

In  Kansas  a  series  of  tests  was  made  at  the  request  of  the  State  to  determine 
the  applicability  of  the  methods  to  the  location  and  identification  of  geologic 
formations  typical  of  that  region.  In  New  Jersey  the  usefulness  of  the  resistivity 
method  is  being  studied  in  connection  with  construction  of  a  highway  across  a 
marsh  where  special  methods  must  be  used  to  obtain  firm  support  for  the  road 
surface.  In  West  Virginia  some  study  was  made  of  the  possibilities  of  the 
methods  for  exploring  slide  areas.  In  other  locations  explorations  were  made 
at  sites  of  proposed  tunnels  and  other  structures. 

During  the  last  year  the  results  of  these  studies  were  described  in  a  general 
paper  before  the  Highway  Research  Board  and  in  papers  of  more  limited 
scope  published  elsewhere. 
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Appendix 

IJST  OK  TAIiLKS 

1.  Sniniunry  of  iiro.tiraiiis  .•iijpi'dvcd  mid  work  coiiiijlctcd  in  flic  liscal  year  1050, 

by  class  of  hijiliway  and  by  fund. 

2.  ProjcM'ts  under  constnictiou  or  plans  apiirovcd  on  .lunc  :'>(i,  i;».')(),  by  class  of 

lii.i;liway  and  l)y  fund. 

3.  Aijportionincnt.  of  Fcdcral-aid  hi^bway  funds  autborizcd  for  tlic  fiscal  year 

ended  Jum  30,  1951. 

4.  Status  of  plan  preparation  for  future  construction  of  Federal-aid  and  State 

bisilnvays,  and  bijibways  in  National  forests  and  other  Federal  areas,  as  of 
April  1,  1!)5(). 

5.  Projects   financed    wifb   postwar    Federal-aid    funds   programed   duiing  the 

fiscal  year  ended  June  .jO,  1!)5(),  l)y  State. 
G.  Projects  involving  Federal  funds  awarded  to  contract  during  the  fiscal  year 

ended  June  30,  1950,  by  program  and  by  State. 
7.  Status  of  projects  as  of  June  30, 19.50,  and  projects  completed  during  the  fiscal 

year. 
S.  Status  of  projects  as  of  June  30,  1950,  and  projects  completed  during  the 

fiscal  year,  on  Federal-aid  primary  system  in  rural  areas. 
9.  Status  of  projects  as  of  June  30,  1950,  and  projects  completed  during  the 

fiscal  year,  on  secondary  roads  in  rural  areas. 

10.  Status  of  projects  as  of  June  30,  1950,  and  projects  completed  during  the 

fiscal  year,  in  urban  areas. 

11.  Interstate  system  improvements  financed  with  postwar  Federal-aid  funds : 

Status  of  projects  as  of  June  30,  1950,  and  projects  completed  during  the 
fiscal  year. 

12.  Federal  funds  paid  by  Bureau  of  Public  Roads  during  the  fiscal  year  ended 

June  30,  1950,  by  program  and  by  State. 

13.  Balances  of  Federal  funds  availal)le  to  States  for  projects  not  yet  programed 

as  of  June  30,  1950. 

14.  Average  munber  of  persons  employed  on  Bureau  of  Public  Roads  and  State 

highway  construction  and  maintenance.  United  States  and  Territories,  by 
program  and  by  month,  for  the  fiscal  year  ended  June  30,  1950. 

15.  Mileage  of  designated  Federal-aid  systems,  by  State,  as  of  June  30,  1950. 

16.  Status  of  National  forest  highway  projects  as  of  June  30,  1950,  and  projects 

completed  during  the  fiscal  year. 

17.  Mileage  of  the  National  forest  highway  system,  by  forest  road  class  and  by 

State,  as  of  June  30,  1950. 

IS.  Mileage  of  highways  in  or  leading  to- National  parks,  monuments,  and  park- 
ways, by  construction  status  and  by  area,  as  of  June  30,  1950. 

19.  Mileage  of  approach  roads  to  National  parks  and  monuments,  by  construc- 
tion status  and  by  location,  as  of  June  30,  1950. 
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Table  2. — Projects   umler  ronstriKtinii   nr  plans  approreil  **fi   June  .'tO,   1950, 
hy  class  <>/  hifilnvay  and  hy  fiiiul 


Totiil  co.st 


F(;(lcr;U  filiKl; 


Miles 


Jt;iilvv:iy-liiuti«:iy  cicj.i-.iiin 
improveineiits 


frossiriK.s 
cliiiii- 
nated 


Structures 

rci'on- 
structL'd 


CJrossiriK.s 
protected 


By  Class  of  Highway 


Primary 

Secondary  rural 

Urban.. 

$■198,  -109,  73r) 
SO.""),  3SI,,S,H0 
W2{),  (■i73,  .S2S 

$255,  268,  660 
155,835,452 
251,661,147 

6,  547.  7 

14,  299.  4 

841.6 

81 
19 
131 

31 
14 
21 

68 
195 

79 

Subtotal 

1,324,468,443 
57,  725, 989 

662,  765,  259 
51,167,046 

21,688.7 
1,187.9 

231 
1 

66 

342 

Total 

1,382,194,432 

713,  932,  305 

22, 876.  6 

232 

66 

342 

By  Fund 


Postwar  Federal-aid: 
Primary.    . 

$.538,  026, 102 
298,  826,  424 
428,  700, 157 

12,  044,  374 

7,  290,  719 

18,  785, 058 

702,  535 
20,  087, 074 

$271.  925,  201 
150,521,360 
203,  978,  759 

6,  055,  747 
3, 834,  048 
13,  925,  072 

702,  535 
11,822,537 

6,  930.  2 

14,  208.  7 

375.2 

33.6 
84.9 
43.8 

86 

17 

104 

31 
16 
10 

85 

Secondary 

153 

Urban 

7 

Prewar  Federal-aid: 
Primary 

Secondary. _ 

Grade  crossing       .            

22 
2 

9 

97 

Emergency  highway  and  grade 

Defense  Highway  Act 

12.3 

Subtotal-- 

1,  324,  468, 443 

662,  765,  259 

21,  688. 7 

231 

66 

342 

National  forest  highway  2  

36,811,828 

12,  231,  073 

633,  615 

8, 049,  473 

34, 359, 132 

12,  231,  073 

531,  404 

4,  045, 437 

840.8 

277.6 

11.4 

58.1 

National  park  and  parkway  ' 

Public  lands 

Emergency  flood  relief 

1 

Subtotal 

57,  725, 989 

51, 167,  046 

1, 187.  9 

1 

Total 

1,  382, 194,  432 

713, 932,  305 

22,  876.  6 

232 

66 

342 

1  Forest,  park,  public  lands,  and  emergency  flood  relief  projects. 

2  Includes  construction  projects  only. 

3  Construction  supervised  by  Bureau  of  Public  Roads. 
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Table   3. — Apportionment   of  Federal-aid   highway   funds   authorized   for   the 
fiscal  year  ended  June  30,  1951  ^ 


State  or  territory 


Alabama.  _ 
Arizona.  __ 

Arkansas -- 
California- 


Colorado 

Connecticut- 
Delaware 

Florida 


Georgia - 
Idaho. -- 
Illinois.. 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana. 


Maine 

Maryland 

Massaeliusetts. 
Michigan 


Minnesota - 
Mississippi. 

Missouri 

Montana... 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina- 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania.. 

Rhode  Island-. 
South  Carolina. 
South  Dakota.. 
Teimessee 


Texas 

Utah 

Vermont- 
Virginia. - 


Washington... 
West  Virginia. 

Wisconsin 

Wyoming 


District  of  Columbia. 

Hawaii 

Puerto  Rico 


Total 194,906,250 


Federal-aid 
highway 
system 


$4 

263, 

2 

HS4, 

3 

440, 

8 

037, 

3 

r,75, 

1 

242, 

974, 

2 

904, 

5 

017, 

2 

471, 

7 

798, 

4 

741, 

4 

913, 

4 

9.')6, 

8 

772, 

3 

052, 

1 

717, 

1 

035, 

2 

619, 

6 

057, 

fi 

,345, 

3 

672, 

f) 

910, 

4 

051, 

3 

944, 

2 

562, 

974, 

2 

547, 

3 

231, 

9 

621, 

4 

S77, 

2 

948, 

6 

940, 

4 

490, 

3 

325, 

8 

151, 

974, 

2 

720, 

3 

109, 

4 

271, 

12 

683, 

2 

265, 

974, 

3 

671, 

3 

142, 

2 

212, 

4 

792, 

2 

470, 

974, 

974, 

992, 

Secondary  or 
feeder  roads 


$3,  367, 109 
1, 995, 026 

2,  767, 936 
4, 602, 788 

2, 406, 251 
682, 562 
649,  688 

1, 945, 506 

3, 828, 985 
1, 728, 865 
4, 189, 809 
3, 179, 477 

3,  513, 955 
3,481  866 
3, 050,  595 

2. 281. 103 

1,  238, 176 
1, 045, 942 

702,  068 

3,  663, 373 

3, 682, 804 
3, 016, 921 
4, 049, 345 

2,  767,  823 

2,  785, 550 

1,717,361 

649, 688 

927,  560 

2,  236,  700 
3, 792, 806 
3, 990, 309 
2, 125, 686 

4,  083, 099 

3,  298,  766 
2,269,150 
4, 676,  549 

649,  688 
2,  244, 168 

2,  214, 296 

3,  282, 043 

8,  933,  674 

1,  508, 492 

649, 688 

2. 846. 104 

2, 127, 490 
1,857,719 
3,  246, 382 
1, 676, 874 

649,  688 

649, 688 

1, 010, 309 


129, 937, 500 


Urban 
highways 


$1,157 

232, 

495, 

7, 216: 

829 
2, 316 

181, 
1,421 

1, 441 

188, 
8,449: 
2,723 

1,414 

983 

1, 154, 

1, 360; 

498, 

1,  590 
5, 875, 
5, 048; 

1, 960 
533, 

2,  799: 

273: 

695 

53: 

422: 

4,911 

228, 

16,  681, 

1, 326 

190 

0,  698 

1, 197: 

720, 

9, 344: 

997, 

581, 

197, 

1, 415 

3, 966, 
385: 
188, 

1, 324, 

1, 303 

717: 

2, 358: 

118: 

1, 018, 
349, 
741 


108,  281, 250 


I  Funds  apportioned  September  8,  1949. 
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Table  4. — Status  of  plan  preparation  for  future  construction  of  Federal-aid 
and  State  hifthivays.  and  hifihivays  in  fSational  forests  and  other  Federal 
areas  as  of  April  1 .  1950 


State 


Plans  under  way 


Construction 
cost 


Miles 


Plans  completed 


Cotistruotion 
cost 


Miles 


Total 


Constnietion 
cost 


Miles 


Alabama. . 

Arizona 

Arkansas.. 
California. 


Colorado 

Connecticut- 
Delaware 

Florida. 


Georgia- 
Idaho... 
Illinois. - 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana.. 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota.. 
Mississippi. 

Missouri 

Montana. -- 


Nebraska.: 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina- 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania... 

Rhode  Island--. 
South  Carolina - 
South  Dakota-. 
Tennessee 


Texas 

Utah 

Vermont. 
Virginia.. 


Washington... 
West  Virginia. 

Wisconsin 

Wyoming 


-Alaska 

District  of  Columbia. 

Hawaii 

Puerto  Rico 

Virgin  Islands 


1 ,000  dollars 
25, 886 

17,  593 
21, 667 

•      570, 279 

2.3, 413 
30, 000 
14, 870 
12, 500 

72, 140 
33, 870 
130,012 
99, 578 

50, 000 
15, 209 
25, 447 

26,  741 

13, 042 
27, 546 
52,811 
62, 000 

34, 057 
32,  564 
30,  729 
20, 519 

28, 602 

16, 166 

4, 871 

112,931 

24, 498 

400, 000 

40, 419 

7,  557 

121,  237 
23,456 
14,423 

221,  234 

11,858 

18,  000 
17, 901 
33, 181 

49, 102 

23,935 

6,800 

54,  295 

160, 464 

7,758 

48, 195 

34, 134 

5,722 
12, 193 
11, 176 

9,785 


742 
286 
613 

2,287 

1,022 
117 
155 
500- 

3,029 
579 

1,231 
909 

1,500 

1,186 

747 

332 

139 

143 

51 

650 

875 
676 
606 
641 

923 

523 

52 

125 

664 

1,270 

565 

346 

647 

494 

258 

1,004 

59 
600 
868 
396 

2,699 

521 

97 

923 

1,676 
145 
963 
852 

38 
18 
47 
63 


Total. 


2, 962, 366 


35, 852 


1,000  dollars 

3,  .3a3 

2,  268 

14,  121 

70,  571 

5, 877 
1,050 

1,  954 

2,  000 

22, 430 
14, 573 
34,111 
19,  504 

11,408 

7,113 

31, 975 

23,  206 

9,141 
21,012 
12, 893 
21, 000 

21, 580 
7,261 

16,  222 
4,695 

2,  257 
7,711 
2.328 
70,  259 

4,897 

165, 000 

7,630 

7,398 

13, 387 

11,392 

4,466 

163, 323 

2,872 
5,000 
13, 335 
4,920 

17, 408 
5,416 
1,2.35 

26, 765 

5,365 
2,3a3 
15, 137 
6,793 

989 

11,717 

4,525 

1,490 

168 

964, 894 


94 

52 
355 
753 

227 
3 
16 
50 

459 
379 
593 
204 

833 
415 
962 
364 

120 

138 

40 

300 

898 
130 
441 


65 

312 

15 


118 
385 
232 
470 

148 

358 

77 

1,097 


200 

1,250 

211 

1,054 

175 

17 

537 

170 

58 

436 

250 


15.  691 


1,000  dollars 

29,269 

19,861 

35,  788 

CAO,  850 

29,  290 
31,0.50 

16. 824 
14, 500 

94, 570 
48, 443 
164, 123 
119,082 

61,408 
22, 322 
57, 422 
49,  947 

22,  ia3 
48,  .558 
65,  704 
83,000 

55, 637 

39. 825 
46, 951 
25,  214 

30, 859 

23, 877 

7,199 

183, 190 

29, 395 

565, 000 
48,  049 
14,  955 

134, 624 
34,  848 
18,889 

384, 557 

14,  730 
23,000 
31,  236 
38, 101 

66, 510 

29,351 

8,035 

81, 060 

165, 829 
10, 121 
63,332 
40, 927 

6,711 
23,910 

15,  701 
11,275 

168 

3, 927,  260 


836 

338 

968 

3, 040 

1,249 
120 
171 
5.50 

3,488 

9.58 

1,824 

1,113 

2, 333 

1,001 

1,709 

690 

2.59 

281 

91 

950 

1,773 
806 

1,047 
735 

988 

835 

67 

213 

782 

1,655 

797 

816 

795 

852 

335 

2,  lOl 

66 

800 

2,118 

607 

3,753 
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Table  14. — Average  number  ^  of  persons  employed  on  Bureaus  of  Public  Roads 
and  State  highway  construction  and  maintenance,  United  States  and  Terri- 
tories, by  program  and  by  month,  for  fiscal  year  ended  June  30,  1950 


Construction  programs 

Road  main- 
tenance by 
State  high- 
way depart- 
ments 

Year  and  month 

Postwar 
Federal-aid 
programs 

Prewar 
Federal-aid 
programs 

Federal  for- 
ests, parks, 

public 
lands,  flood 
relief,  and 
miscella- 
neous 

Total 
Federal 
programs 

State  high- 
ways, with 
State  funds 
only 

Total  con- 
struction 
and  main- 
tenance 

1949 

July 

August 

September 

October 

November 

December 

1950 

January 

February 

March 

April 

May 

June 

86,  591 
86, 635 
84,  569 

83,  045 
61, 969 

43. 063 

30,  918 

31. 064 
37,300 

48, 915 
66,  056 
76,  483 

1,627 
1,325 
1,397 

1,551 

1,144 

783 

577 
518 
536 

609 
825 
967 

5,998 
6,485 
6, 371 

6,037 
4,674 
3,162 

1,988 
1,852 
2,115 

2,595 
3,342 
4,111 

94,  216 
94,445 
92, 337 

90, 633 

67,  787 
47, 008 

33, 483 
33, 434 
39, 951 

52,119 
70, 223 
81,  561 

51,121 
51,699 
51, 248 

47, 338 
39, 612 
28, 930 

21, 120 
19, 420 
23, 396 

30,  243 
38,  733 
47, 490 

124, 931 
128,  631 
125, 032 

122, 022 
120, 798 
117,  587 

115,154 
114,  714 
114, 891 

116,  980 
121, 802 
128, 470 

270, 268 
274, 775 
268, 617 

259, 993 
228, 197 
193,  525 

169,  757 
167, 568 
178, 238 

199, 342 
230, 758 
257, 521 

1  Average  number  of  persons  employed  is  computed  as  the  mean  of  the  weekly  payroll  counts  made  during 
the  calendar  month. 
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!  Table 


15. — Mileage  of  desi filiated  Federal-aid  systems,   by  State,  as   of  June 


iMMlcral 

aid  liinlivvay 

sysl<'i/] 

Federal-aid 

Stul.p  nr  'I'n-rif  ory 

Tdliil 

In  rural 

ariias 

I'KIMAUY 

In  urban 
areas 

Urban 

secondary 
system 

Secondary 

Alabama       .  .      .         -  w  .  

Milen 
5,017 
2,487 
3, 486 
7,087 

4,019 

1,092 

528 

3, 967 

7,045 
3,474 
10, 327 
4,831 

9,675 
8, 576 
3, 855 
2, 674 

1,626 
1,856 
2,048 
6,483 

7,394 
4, 405 
8,280 
5,760 

5,552 
2,203 
1,171 
1,731 

4,082 
10, 403 
7,959 
3,294 

7,508 
7,404 
3,905 
7,896 

460 
4,412 
4,270 
5,014 

15, 932 
2,265 
1,238 
5,114 

3,555 
2,393 
6,044 
3,426 

135 
563 
565 

Miles 
4,  805 
2,447 
3, 357 
G,  435 

3, 925 
805 
501 

3, 625 

6, 743 
3,434 
9, 351 
4,271 

9, 334 
8,407 
3, 665 
2, 452 

1,532 
1,668 
1,132 
6,008 

6, 938 
4,  251 
8,058 
5,698 

5,438 
2, 177 
1,064 
1,176 

4,018 
9,279 
7,603 
3,250 

6,632 
7,205 
3,767 
6,680 

244 
4,216 
4, 203 
4,795 

15,317 
2,199 
1,180 
4,867 

3,382 
2,190 
5,679 
3,395 

Mtles 
212 
40 
129 
652 

94 
287 

27 
342 

302 
40 
976 
560 

341 
169 
190 
222 

94 
188 
916 
475 

456 

154 

222 

62 

114 
26 

107 
555 

64 

1,124 

356 

44 

876 

199 

138 

1,216 

216 

196 

67 

219 

615 
66 

58 
247 

173 
203 
365 
31 

135 
28 
122 

Miles 
10,408 

Arizona 

2,728 

Arkansas 

12, 937 

California .  

9, 148 

Colorado 

3,681 

Connecticut    .                            .          ....... 

1,104 

Delaware . . 

1,246 

Florida 

7, 203 

Oeorsia 

12,288 

Idaho. 

3,104 

7,285 

Indiana ^ 

8,790 

Iowa .  .         .---...  

33,  024 

Kansas 

19, 927 

Kentucky..      .  _                                             .... 

10, 561 

Louisiana..  .      .         .            ...  . 

5,  590 

2,269 

Maryland _             .  .  .  .  . 

5, 193 

Massachusetts ..  ....... 

2,173 

Michigan.. 

12, 892 

Minnesota ...........  

14,418 

Mississippi 

7,283 

Missouri 

12, 558 

Alontana ..                .....      ... . 

3,090 

9,958 

Nevada..    .  .                                   .  _      .  .  . 

2,001 

New  Hampshire ...      ...    

1,078 

New  Jersey 

1,912 

New  Mexico .                .....  

4,135 

19,  070 

North  Carolina ' 

8,204 

North  Dakota .  .      .  .        ........ 

10,321 

12,244 

Oklahoma. ..........  

10, 600 

Oregon 

4,472 

Pennsylvania.. 

10,685 

Rhode  Island 

322 

9,8:33 

South  Dakota..  .  .         .         ............... 

10, 826 

Tennessee.  .  .  ...  

6,417 

Texas..  .      . .            .... 

20,095 

Utah 

2,906 

Vermont 

1,770 

Virginia  ........                    ..          ....... 

16, 465 

Washington  .                                                   .         . 

6,  '232 

West  Virginia.-  ...                .         ....  

10, 994 

Wisconsin 

13. 517 

Wyoming  . 

1,687 

57 

Hawaii 

535 
443 

542 

Puerto  Rico .....  

958 

Total -- 

234, 486 

219,  776 

14, 710 

406,  267 
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Table  17. — Mileage  of  the  National  forest  highway  system,  by  forest  road  class 
and  by  State,  as  of  June  30,  1950 


Region  and  State  or  Territory 


Western  region : 

Ari  zona 

California.- 

Colorado 

Idaho 

Montana 

Nevada 

New  Mexico 

Oregon 

South  Dakota 

Utah 

Washington 

Wyoming 

Alaska 

Total 

Eastern  region: 

Alabama 

Arkansas 

Florida 

Georgia 

Illinois 

Indiana 

Kentucky 

Louisiana 

Maine 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nebraska 

■  New  Hampshire. . . 
North  Carolina 

Ohio 

Oklahoma 

Pennsylvania 

South  Carolina 

Teimessee 

Texas 

Vermont 

Virginia 

West  Virginia 

Wisconsin 

Puerto  Rico 

Total 

Grand  total 


Total 


Miles 
1,060.1 
2, 456. 1 
1,  74.3.  0 
1,129.8 

1, 190.  5 
313.7 
672.0 

1,381.8 

308.0 
697.0 
751.4 
545.0 
356.3 


12,604.7 


250.8 
633.6 
165.0 
258.6 

305.3 
101.2 
352.7 
403.1 

14.0 
1,183.3 

718.8 
509.4 

980.3 
30.4 
166.0 
797.5 

123.9 

48.5 

375.7 

353.2 

348.3 

307.2 

118.5 

1,  349. 2 

408.0 

432.4 

36.0 


10,  770.  9 


23, 375. 6 


Class  1  1 


Miles 
405.4 
677.8 
621.0 
690.8 

694.3 
157.2 
160.0 
716.8 

187.0 
188.2 
387.7 
380.0 


5, 266.  2 


105.8 

111.6 

.3.0 

141.6 

245. 8 
53.6 

129.5 
66.1 


588.7 
256.  5 
201.3 


40.9 
452.8 

70.4 

31.5 

123.8 

231.0 

165. 1  _ 
129.2 
32.7 
413.7 

60.0 
76.7 


4, 130.  5 


9, 396.  7 


Class  2  2 


Miles 

199.4 

1,233.0 

1,  077. 0 

229.9 

238.1 
155.5 
512.0 
446.4 

49.0 
441.4 
123. 1 
140.0 


4, 844. 8 


83.9 
522.0 
162.0 

91.7 

15.0 
42.1 
110.9 
337.0 

3.3 

329.5 
192.2 
250.4 

212.9 


92.1 

267.7 

37.7 

17.0 

233.0 

122.2 

147.7 
170.5 
43.2 
527.2 

245.9 
209.8 


4,' 


9,311.7 


Class  3  3 


Miles 
455.3 
545.3 
45.0 
209.1 

258.1 
1.0 


218.6 

72.0 
67.4 

240.6 
25.0 

356. 3 


2, 493.  7 


44.5 

5.5 

112.3 


10.7 
265. 1 
270.1 

57.7 

368.2 
30.4 
33.0 
77.0 

15.8 


35.5 

7.5 

42.6 

408.3 

102.1 
145.9 
36.0 


2, 173.  5 


4, 667. 2 


1  Class  1. — Forest  roads  forming  sections  of  the  Federal-aid  highway  system,  either  wholly  within  or, 
when  so  designated  by  the  Secretary  of  Agriculture  and  the  Secretary  of  Commerce,  partly  without  and 
adjacent  to  the  National  forests. 

2  Class  2. — Forest  roads,  not  of  class  1,  which  are  parts  of  approved  State  highway  systems,  when  so  desig- 
nated by  the  Secretary  of  Agriculture  and  the  Secretary  of  Commerce. 

3  Class  3.— All  forest  highways  on  the  secondary  or  feeder  road  system  and  any  other  forest  road,  of 
primary  importance  to  the  counties  or  communities,  when  designated  as  a  forest  highway. 
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Table  18. — MileaiJH'  <>/  hi^hivnys  in  ttr  It-inliiif:  Itt  l\iiliniial  parks,  numiimi-nts, 
and  parkivays,  hy  nnislrurtitni  sttiliis  (inil  hy  arra,  as  of  Juiir   '.iO,    19!>0 

Park,  iiioiuiini'iil,  or  inukway  (ami  Stal.c) 

Total  com- 
pleted as  of 
.luiie  :i(l, 
IK.Id 

('i)iiiplct('d  <liiiiiiR  li.scal  .vi'ui  ended 
.June  30,  1950 

Under  con- 
.struction 

Total 

Initial  im- 
provement 

Stage  con- 
struction 

as  of  .June 
30,  19.50 

Miles 
31.3 
22.0 

Miles 

Miles 

Miles 

Miles 

0  5 

Badlands  (S.  Dak.) 

22.0 

22.0 

Baiidclii'i-  (N.  Mo.x.) 

Big  Bond  (Tox.)                      -. 

7  7 

Bluo  Ridgo  (Va.-N.  C.) 

Bryc'o  Canyon  (Utah) 

327. 3 
21.7 

8.4 
.S 

9.4 

12.2 

05.  i) 

.3 

2.8 
.5 
.3 

58.5 

0.3 

58.2 

91.0 

Carlsbad  Caverns  (N.  Mcx.) 

Chalmctte  (La.) 

8.4 

8.4 

Cliickaniauga-Chattanooga  (Ga.-Tcnn.) . . . 
Colonial  (Va.) 

CnilrOr  Lake  (Orcg.)        ' 

Devils  Tower  (Wyo.) 

Fort,  Donrlson  (Tenn.) 

Fort  Mataiizas  (Fla.) 

Fort  Pulaski  (Oa.)                      

Fredericksburg-Spotsylvania  ( Va.) 

George  Washington  Birthplace  (Va.) 

George  Washington  Memorial  (Va.-Md.).. 

23.1 

2.6 
14.2 

9.5 
73.4 

193.0 

38.5 

2.6 

35.5 

3.6 

1.6 

22.7 

42.6 

35.1 
1.8 

31.9 
2.7 

90.8 

128.9 

5.3 

22.7 

8.7 
31.1 
54.2 

1.6 

42.7 
96.9 
10.6 
8.9 

10.4 
15.9 
321.9 
108.  7 
41.6 

.2 

.2 

1.6 

Gettysburg  (Pa.) 

9.9 

Grand  Canyon  (Ariz.). .  . 

Great  Smoky  Mountains  (N.  C.-Tenn.)... 

15.4 

Guilford  Court  House  (N.  C.) 

Hawaii  (T.  H.) 

Hot  Springs  (Ark.)  

Kill  Devil  Hill  (N.  C.)._._ 

Kings  Canyon  (Calif.) . .  ... 

4.0 

Lake  Mead  (Ariz.-Ncv.) ... 

Lassen  Volcanic  (Calif.)..  . . 

30.4 

Meriwether  Lewis  (Tenn.) 

Mesa  Verde  (Colo.) _ 

Morristown  (N.  J.)_-_ .  .  ... 

Mount  Rainier  (Wash.) ...  ... 

9 

Natchez  Trace  (Miss.-Temi.-N.  C.) 

National  Capital  Parks  (D.  C.-Va.-Md.).. 

47.7 

26.0 

21.7 

40.1 
1 

Organ  Pipe  Cactus  (Ariz.).. 

Petersburg  (Va.).. .-. 

4  1 

Petrified  Forest  (Ariz.) .  ...  . 

Rocky  Mountain  (Colo.).  

2.7 

2.7 

Scotts  Bluff  (Nebr.) 

Sequoia  (Calif.) 

Shenandoah  (Va.) .  . 

.3 

.3 

12  3 

Shiloh  (Tenn.) 

.4 

.4 

Vieksburg  (Miss.). 

Wind  Cave  (S.  Dak.) 

Yellowstone  (Wvo.-Mont.-Idaho) 

15.3 

Yosemite  (Calif.) . 

18.3 
11.5 

18.3 
11.5 

Zion  (Utah) 

Total- _. 

2,  037. 9 

170.0 

26.9 

143. 1 

233.3 
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Table  19. — Mileage  of  approach  roads  to  TSational  parks  and  monuments,  by- 
construction  status  and  by  location,  as  of  June  30,  1950 


Road 

Park 

Designated 

Under  con- 
struction 

Completed 

Cameron-Desert  View 

Grand  Canyon 

Miles 
28.1 
52.3 
31.2 

8.8 

11.3 
10.4 

8.6 
13.9 
24.0 
59.7 
23.0 
31.3 

2.6 

Miles 

Miles 

28.1 

52.3 

30.9 

f               4.7 

I             14.1 

11.3 

10.4 

8.6 

13.9 

4.5 

59.7 

22.9 

22.9 

South  Approach 

do 

Jacobs  Lake-North  Rim 

do 

Mineral-Lassen  Volcanic. 

Lassen  Volcanic.  __  

Fresno-Kings  Canyon___ 

Kings  Canyon ... 

Sequoia-Kings  Canyon _ 

Sequoia-Kings  Canyon 

Custer- Wind  Cave_.     

Wind  Cave.   . 

Southwest  Approach 

Yellowstone  . 

Moran- Yellowstone 

do 

15.  3 

Red  Lodge-Cooke  Citv 

do 

East  Approach, _  .._ 

do 

Zion-Bryce  Canyon ,._ 

Zion-Bryco  Canyon 

Cedar  Breaks. __  ... 

Cedar  Breaks  . 

Total 

305.-2 

15.3 

270.  2 

1  Graded  as  a  forest-road  project.    Figure  not  included  in  total. 
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